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PROCEEDINGS 


or 

THE ROYAL SOCIETY. 


January 6,1887. 

Professor STOKES, D.O.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

L “On the Occurrence of Silver in Volcanic Ash from the 
Eruption of Cotopaxi of July 22nd and 23rd, 1885.” By 
J. W. Mallet, M.D., F.R.S., University of Virginia. 
Received November 26, 1886. 

A few months ago I received from Sefior Julian R. Santos, of 
Ecuador, formerly a pupil of mine in the laboratory of this Univer¬ 
sity, a specimen of volcanic aah collected at his plaoe of residence, 
Bahia de Caragnex, on the ooast of the Pacific, about 120 miles nearly 
duo west from Cotopaxi. This, the highest and among the most 
mighty of the active volcanoes of our globe, burst forth into eruption 
about 11} p m. on the 22nd of Jnly, 1885, and the ash began to fall 
at Bahia de Carsgues at 7 A.M. on fcho next day, the 23rd. It fell 
there to the depth of several inches, this fact alone indicating the 
discharge of an enormous amount of solid matter into the atmosphere, 
although Sefior Santos wrote to me that the unsettled condition of 
the country, disturbed by revolutionary movements, prevented his 
making extended enquiries which might have ascertained the area 
covered by the fall of ashes. 

The specimen sent me consisted of a very finely divided powder, 
mobile and soft to the touoh, of light brownish-grey colour. Under 
the microsoope it appeared to be made np of minute granules and 
spionles, in general with sharp, more or less splintery edges. These 
were for the most part colonrless and transparent, or white and trans- j 
lnoent; some were reddish, some dark bottle-green, some brown, 1 
some blaok and opaque. Most of those clear enough to freely trans¬ 
mit light showed brilliant colours in a field of polarised light. Quarts, 
two felspars (one white, and one pink or reddish), augite, magnetite 

vot. *r.n- b 
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(strongly attracted, and essily removed by the end of a magnetic 
needle), and thin scales of deep red specular iron oxide were easily 
distinguished 

The ash on being strongly heated before the blowpipe, or even in 
considerable quantity in a small platinum oruoible over the blast 
lamp, turned dark red br own and fused to a nearly black slag 

On being boiled in its original state with water it gave np 0 21 per 
cent of soluble matter The solution gave very distinctly the reactions 
of chlorine, a sulphate and sodium, in a less marked degree the 
reactions of potassium On boiling with strong hydrochloric aend, 
6 94 per cent was dissolved in addition to that already extracted by 
water, the acid solution was deeply ooloured by iron 
The specific gravity of the ash was found = 2 624 at 18° 0 as 
compared with water at the same temperature 

An analysis of the material taken as a whole i« without any 
previous mechanical separation of its oonmsfcent minerals, and without 
previous digestion with water or acid but dried at 100* C, gave the 


following results — 


SiO, 

56 8fif 

TiOj 

traoe 

A1*0| 

19 72 

Fe.0, 

406 

FeO 

8 65 

MnO 

traoe 

MgO 

191 

CaO 

5 87 

Na,0 

514 

KjO 

196 

Id t O 

traoe 


, 

Cl 


SO* 

, 

PO* 


B,0 

0 62 



Silver waa first noticed after fusing as usual with mixed sodium 
and potassium carbonates, and dissolving in excess of hydrochloric 
and, on the addition of sulphuretted hydrogen to the solution, whiob 
had been freed from mlioa, the sulphur thrown down by feme chloride 
present was observed to be distinctly brown and on being filtered out 
and carefully burned off before the blowpipe it left a minute bead of 
mstalllo silver All the reagents and vessels used were scrupulously 
examined, but the silver oould not be traced to any of them It waa 



1887.] On ike Continuity of the Liquid and Gaseous States. 8 

afterwards found that the metal could be obtained from the ash by 
furnace aaeay—fusion with pure lead carbonate, sodium carbonate, and 
a little cream of tartar, and cupellation of the lead button produced; 
and a com pa retire experiment waa made, with negative result, ruing 
larger quantitiee of the same reagent*, but omitting the volcanic ash: 

It waa ascertained that silver oould be extracted from the ash by 
boiling it with a eolation of ammonia, or of potassium cyanide, or of 
sodium thiosulphate, but the metal was not dissolved out in appreoi* 
able amount on boiling with nitric acid. Henoe, as seems most 
probable, it waa present in tire ash as silver chloride. The fact of 
its being found in the solution in hydrochloric acid of the mass 
resulting from fusion with the alkaline carbonates, is of oourse easily 
explained by the solvent action upon silver chlorido of the ohloridee 
of sodium and potassium, and ( (when such minute quantities are 
oonoerned) of hydrochloric add itself. 

The discovery of silver in the ash in question adds for the first time 
this metal to the list of elementary substances observed in the 
materials ejected from volcanoes, and the addition derives some spedal 
interest from the fact of the ash having come from the greatest of the 
volcanio vents of the great argentiferous chain of the Andes. 

Lead, which was found by Sefior Santos himself, when a student 
here in 1879, in a specimen of ash from the eruption of Cotopaxi of 
August 23rd, 1878,* was sought for in the ash now reported upon, but 
neither it nor any other heavy metal beside silver was detectable. 

Several ooucordant experiments proved that the silver was present 
to the extent of about 1 part m 83,600 of the ash, or about two-fifths 
of a Troy ounce per ton of 2240 pounds. Small as is this proportion, 
it mast represent a very large quantity of silver ejected during the 
eruption, in view of the vast masses of volcanic ash whioh must have 
been spread over suoh an area aa is indicated by the fall at so distant 
a point as Bahia de Caragues. 


II. “Preliminary Note on the Continuity of the Liquid and 
Gaseous States of Matter.” By William Ramsay, Ph.D„ 
and Sydney Young, D.So. Communicated by Prof. G. G. 
Stokes, D.C.L, PJLS. Received November 30,1886. 

Pgr several years past we have been engaged in an examination of 
the behaviour of liquids and gases through wide ranges of tempera* 
tore and pressure. The results of our experiments with ethyl 
alcohol have recently been published in the ‘ Philosophical Transac¬ 
tions those with acetio acid in the ‘ Journal (Transactions) of the 
Chemical Society' j and the Royal Society have in their hands a 
• ‘Cham. News,* Oofc 17,1879 (vol 40, p. 188). 

B 2 
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similar investigation on ether. We have also finished a study of 
the thermal properties of methyl aloohol. 

In ooaaeqnenoe of a recent publication by Wroblewsld, of which 
we have seen only the abstract (‘ Deutsch. Chem. Geo. Berioh t e,' 1886 
(Beferete)i p. 728), we deem it advisable to oommunkate a short 
notice of an investigation in which we are at present engaged. 

We find that with the above-mentioned substances, aoetie add 
excepted, whether they are in the liquid or gaseops state, provided 
volume be kept constant, a simple relation holds between pressure 
and temperature. It is 

p as &T-a. 

This is evidently e simple modification of Boyle’s and Gay-Lussao's 
laws; for at low pressures, where volume is large, the term a 
approachee and finally equals sero,' while b diminishes and finally 
becomes equal to the value of c, calculated from the ordinary 
equation, 



We have as yet only had time to apply this formula with ethyl 
ether to the liquid state; and as we are not yet quite oertain whether 
the relation holds when 1 gram of ether ooonpies volumes between 
4 and 20 o.o., we are at present engaged in measurements of volumes 
and pressures at temperatures between 220° and 280°. Assuming the 
above relation to be true (and it is at all events a close approximation 
to troth), it is possible to calculate those portions of isothermal* 
included within the liquid-gas area, and represented in Andrews’ 
diagram by horuontal straight lines. We have calculated a few of 
these isothermal* for ether, and find that the areas above and below 
the horiaontal lines (see woodcut) are equal, when measured by a 
planimeter. 

Reserving a full discussion of the subject until the completion of 
our experiments, we would here point out the similarity between 
the equation p ■ IT-a, and those proposed by Clausius and by van 
der Waals to represent these relations. Clausius’s formula is 

RT c 
^ ~ v—*~~ T(v+/J)*’ 


and van der Waals’ 


RT a 


In these formal* Clausius's • and e are equivalent to van der 
Waals’ 5 and a respectively, bat B has a different signification. 

We find that a somewhat similar formula agrees better with expe¬ 
riment than either of the above; it is 
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BT _a_ 

* m v— &"“Tv*’ 

where B, 6, and a have the nine meaning aa in ran der Waala’ 
formula. Thu formula expreuea the reaulta of experimenta with 
great aoonraoy, where the volume of 1 gram of ether oocupiea not 
leu than 25 o.c.; but at tmaller volume* it oeaaea to rcpreaent the 
faota. 

It ia to be noticed that both Clauaiua’a equation and onri introduoe 
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T into (he denominator of (he second term; they evidently differ 
from ou first equation p «= 6T—a, in whioh a is mdspendentof 
temperature. 

We shall soon be in a position to communicate the results of this 
investigati o n, giving full data. 

[January 18th, 1887.—We have alluded to Clansins’s formula, 
p m hi* latest published formula is, however, 

„ m 53L- - —where 9= aT*—5. As the second term is hen 

p «-• e(t)+/s)* 

also a function of temperature, it is evident that his last equation ts 
also not in accordance with the simple relation p = 6T~o]. 


III. “ Note on Lepidodendron Harcourtii and L. ftiliginosum 
(Will)." By W. 0. Williahson, LL.D., F.R.8., Profemor 
of Botany in the Owens College and in the Viotoria 
University. Received November 27,1886. * 

In March, 1832, the late Mr. Witbam read to the Natural History 
Society of Newcastle-upon-Tyne the first publio notioe of the classic 
Specimen of Lepidodendron known as Lepidodendron Harcourtii, Still 
later (1883) he published farther figures and descriptions of the same 
specimen in his work on 1 The Internal Structure of Fossil Vege¬ 
tables.' Additional figures mid descriptions of the same object 
appeared in the second volume of Lindley and Hutton’s 'Fossil 
Flora,’ and in Brongniart’a 'Vlg&anx Fosailes.’ But notwith¬ 
standing all these publications the exact plant to which they referred 
has long been doubtful. I hoped to have found either the original 
specimen] in the museum of the Yorkshire Philosophical Society <a* 
the sections described by Lindley and Hatton in that of the New¬ 
castle Society; but, though carefully sought for, I long failed to 
diaoover either one or the other. '* 

In 1871,1 laid before the Royal Society my memoir, Part H, "On 
the Organisation of the Fossil Plants of the Coal-measures,’’ in whioh 
I figured (Plate 25, fig. 12), a plant that seemed to me to be identical 
with L. Harcourtii; and in Part XI (1880) of the same series of 
memoirs, I gave farther representations of the same plant (Plate 51, 
fig. 10; Plate 49, fig. 11). Since the publication of the latter 
memoir I have obtained a fine series of specimens, whioh appeared to 
me to approach still more closely to the various representations of 
Lepidodendron Harcourtii, referred to above, and whioh inclined me to 
think that I had hitherto included two species under a common name. 
The two forms unmistakably belong to a common type, to whioh I 
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bare frequently had oooaiion to refer aa “the type of L.Haroowtii," 
characterised by the poes o s si on of a very distinct parenchymatous 
medulla, surrounded by a aharply-defined non-exogenous vascular 
•one—the £t*i mtduilaire of Brongniart—and by the almtot entire 
absence of any exogenous raaonlar ione; the ohief exception to the 
laat feature being represented in the Plate 49, fig. 11, referred to 
•bore. 

One of the most characteristic features seen in my new specimens 
oocura in the structure of the foliar bundles. These have been 
large, and in transverse sections of a stem they are rendered increas¬ 
ingly conspicuous, by the disappearance of a considerable amount of 
oellnlar tissue which originally belonged to them, but which is now 
only represented by a clear vacant space. What remains of theee 
bundles is equally characteristic. In each case the bundle appears to 
be a double one; owing to the preservation not only of its vascular 
or sylem part, but also of a distinct and separate string of what has 
obviously been a modification of the hard bast of the phloem part of 
tiie bundle. A farther feature occurs in the almost invariable disap¬ 
pearance of the entire inner oortical tone. 

Visiting York a few weeks ago, I made a fresh search for Har- 
court’s original specimen, and with the kind aid of the offioera of the 
museum I was this time successful. The specimen represented on 
Plate 98 (fig. 1), of the ‘ Fossil Flora,’ vol. 2, was discovered, and by 
the kindness of Mr. Reed, the intelligent Honorary Curator of the 
geological department of this museum, I have been permitted to 
obtain a transverse section of it. It is now certain that my more 
reoently acquired specimens represent the true L. Harcourtii, and, 
in all probability, fig. 9 in Plate 52 of my Part XI is a very young 
branch of the same species. Those previously figured by me and 
referred to above are oertainly distinct. They are characterised by 
the greater uniformity in the composition of the entire cortex, the 
inner part of whioh is preserved, and by the absence of the duplex 
structure of the foliar bundle. The small aise of the cells of the 
inner cortex, and the dense aspect both of it and of the foliar 
bundles (see fig. 10, Plate 51, Part XI), give to transverse sections of 
the form so sooty an aspect contrasted with the luminous semitrans- 
parency of the true L. Hansourtii, that I propose to reoognise the 
former as Lepidockndron fuiiginotum. 



Prof. W. a Williamson. 


[Jan. 6; 


* 


IV, “On the Organisation of the Fossil Plants of the Coal- 
measures. Heterangium TiUaoidee (Will) and Kaioxylon 
Hookeri By Professor W. C. WILLIAMSON, LLD., F.R.8., 
Professor of Botany in the Owens College and in the 
Victoria University. Received Deoember 1,1886. 

(Abstract.) 

Several years ago the author discovered the items and branches 
tit a remarkable plant in the Carboniferous beds at Burntisland, 
which he described in the volume of the 1 Philosophical Transactions ’ 
for 1878, under the name of Heterangium Orient. This plant dis¬ 
played a central axis, in which was combined a curious mixture of 
cells and vessels. These were surrounded by a vascular rone, with 
medullary rays, evidently a product of an investing cambium layer. 
Outside this exogenous growth were & oomplex series of cortical 
layers, with various arrangements of vascular bundles going off to 
supply lateral appendages. The indefatigable industry of my valuable 
auxiliaries, William Cash, Esq., and Mr. Binns, of Halifax, have 
■applied a series of specimens whioh the author soon found to be 
a new species of Heterangium, to whioh he gives the name of Heteran¬ 
gium TiUcBoidee. Whilst the plant exhibits all the features of interest 
seen in H. Orievii, it has others peculiar to itself. Its central axis 
corresponds closely with that of H. Orievii. Its exogenous vascular 
or sylem cone is more fully developed than in the older species, hut 
the most striking features are seen in new structures external to and 
developed by what has been a cambial tone. The sylem consists of 
groups of vascular lamina, the inner ends of each of whioh groups so- 
converge as to separate the vascular ring into a series of distinct 
bundles. These are not only separated from each other by primary 
medullary rays, hut as each of these latter passes outwards toward* 
the cortex, it rapidly expands laterally, assuming, in transverse- 
sections, a trumpet-shaped oontour. These are in fact true primary 
phloem rays, as fine as those seen in the shoots of tbs Lime tree; 
hence the specific name of TUiaoidee given to the plant by the aathar. 

Between these large phloem rays are clusters of phloem, the radial 
diameter of each of which is oo-extensive with the sylem part of the 
bundle towhich it belongs. Each of the sylem-bundles is subdivided into 
minor groups of two or three vascular lamina, separated by secondary 
medullary rays, each of which latter can be 1 traced as secondary 
phloem ra^ji passing radially outwards through the phloem portion 
of each bnpdle. The vessels seen both in the vasoulo-medullary 
avis and in the exogenous sone are chiefly furnished with bordered 
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pita, not oonfined, u in Conifers, to the aides of the Teasels in oontaoh 
with the medullary rays, but covering their entire oiron inference. 

On examining tangential and radial sections of the phloem, it is 
found to oontain numerous long narrow tubes, bnt whioh cannot be 
absolutely identified with either sieve tubes or with sclerous fibres. 
In the outer bark numerous flat plates of coarse sclerous parenchyma 
pass hori son tally outwards. This featnre is equally characteristic of 
Seterangium Orient. Various forms of lateral outgrowths are also 
described. 

Further observations are recorded on the structure of Kaloxylon 
Sookeri, also originally described by the author from specimens 
obtained from collieries near Oldham, in ‘ Phil. Trans.,' vol. 165 
(Part 1,1876). These specimens, though revealing the elegant arrange* 
incuts, especially of its vascular structures, to which tho plant owes 
its name, did not fully reveal the true structure of its cortex. But 
aoou after the publication of the memoir referred to, the author 
obtained from Halifax beautiful examples in which this defect was 
remedied. These new specimens exhibited within a remarkable epi. 
dermal layer, a thick oortex, always abounding in narrow vertically 
elongated tubes, which appear to have been cither gum or resin 
canals. In some examples these are crowded together in remarkable 
numbers. But the Halifax specimens exhibited other peculiarities. In 
some of them the peripheral end of each of the fire or six radiating vas¬ 
cular wedges, which are so characteristic of the plant, is famished with 
a true phloem element. In the larger proportion of the Halifax speci¬ 
mens the radiating exogenous extensions of the central vascular axis 
are wholly wanting, and, whilst in most of the specimens whioh possess 
these exogenous growths no cellular parenchyma appears amongst the 
vessels of tliat central axis, specimens are described whioh display 
a gradual development of snoh tissue in that position. In some 
oases its amount almost equals the area occupied by the medullary 
vascular bundles. Some of the latter examples give off rootlets from 
the exterior of the central vasculo-cellular axis, whioh pass directly 
outwards through the bark. A further series of specimens is described, 
each of whioh contains vascular bundles, of which the transverse section 
is quadrangular, closely resembling the tetraroh bundles of many 
roots. Tracing these bundles downwards through a number of 
examples which diminish m sise until very minuto ones are reached, 
we find evidence that these bundles developed centrifugally instead of 
oentripetally. Nevertheless the author inclines to the belief that these 
objects are true rootlets. 

After pointing out the probability that the Lyginodendron Oldhamiwn 
previously described by him is,' notwithstanding its exogenous mode of 
growth, a fern, of whioh Baehiopteru atpera was the foliage, the author 
states that Hr. Kidston has supplied him with structureless specimens 
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preserved in elude, of Spbenopterie elegant, wbieh display regain* 
trees verse ridges orowing their stems end branches, which seem to 
here been oensed by the preeenoe of bends of some herd substance, 
corresponding exactly with those seen in the outer baric at both the 
Heterangiums. These, at all events, ere the only examples of fossil 
Carboniferous plants, in which structures comparable with thoee of 
the Heterangium stems have been discovered. It is not without gig. 
nificanoe that H. Gnevii has not only been found in the Westphalian 
deposits of Pith Vollmond, but a German locality has furnished 
Professor von Weiss, of Berlin, with specimens of Sphenopteri* 
elegant, having the same kind of bark as those found in Sootlaad. 
The author suggests that the Heterangiums may possibly have been 
anoestral forms, having exogenous stems and fern-like foliage, which 
may have bequeathed the former features to some of the modem 
Oycads, and the latter to the Ferns, the living Stangeria having 
retained some of the features of both. 


Pretenii, January 6, 1887. • 

Transactions. 

Baltimore—Johns Hopkins University. Circular. VoLVI. No. 68. 

4to. Baltimore 1886. The University. 
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1886. The Author. 

Bambant (A. A.) On the Possibility of determining the Distance of a 
Doable Star. 8vo. Dublin 1886; On the Seduction of Bessel’s 
Preoessions to those of Strove. 8vo. London 1886. 

The Author. 

Bayleigh (Lord), Seo. E S. Electrical Measurements. 4to. [London] 
1886. The Author. 

Beade (T. Mellard) The Origin of Mountain Eanges. 8vo. London 

1886. The Author. 

Sang (E.) A new general Theory of the Teeth of Wheels. 8vo. 
Edinburgh 1852. The Author. 

Selwyn (Alfred), F.R S. Descriptive Catalogue, Economics Minerals 
of Canada, Colonial and Indian Exhibition, 1886. 8vo. London 

1886. The Author. 

Spencer (J W.) Niagara Fossils. 8vo. St. Louis 1884. 

The Author. 


January 18, 1887. 

Professor STOKE8, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The Bight Hon. Hardinge Stanley Giffard, Lord Halsbury (Lord 
High Chancellor), whose certificate had been suspended as required 
by the Statutes, was balloted for and elected a Fellow of the Society. 

The following Papers were read:— 

1. “ Supplementary Note* on Polacanthus Fosrii, describing the 
Dorsal and some parts of the Endoskeleton imperfectly 
known in 1881.” By J. W. Hulke, F.R.8. Received 
Deoember 14, 1886. 

(Abstract.) 

The author describes the large dorsal shield, which has been 
recently restored and now exhibits the grouping of the keeled and 
tnberoulated fragments, which in their disconnected and scattered 
• See < FhiL Trsxu.,’ rot 172 (1881). 
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eonditian had formeriy been regarded a* portions of separata son tee. 
This unique specimen shows Polacanthns to have possessed a more 
complete dermal armature than any other Dinosaur yet described. 
The pelvis is more fully described than was possible in 1881, and in 
particular the form and direction of the isohian arch shown to be 
different from those obtaining in the Iguanodont family. 


II. “ The Reputed Suicide of Scorpions.” By ALFRED G. 
Bourne, D.So., Fellow of University College, London, and 
Professor of Biology in the Presidency College, Madras. 
Communicated by Professor Rat Lanxkster, F.R.S. 
Received December 22, 188(5. 

The legend that a soorpion when placed within a ring of red-hot 
embers will, after making fatile efforts to pass the fiery oirole which 
snmunds it, deliberately kill itself by inflicting a wound with its 
, sting in its own head is said to emanate from Spain, and is of con¬ 
siderable antiquity: it has been, moreover, attested by very high 
authority. 

The phenomenon would, however, be so extraordinary that its 
occurrence has been much doubted. Did it happen, it would stand os 
Romanes* says “ as a unique case of an instinct detrimental aliko to 
the individual and to the species.” 

The subject has withm recent yoars attracted a considerable amount 
of attention, and numerous conflicting statements based both upon 
incidental observations and upon definite experiments have been from 
time to time recorded. 

Surgeon-General Bidie of Madras has desoribedf an experiment 
where he concentrated the sun’s rays with a burning glass upon the 
back of a soorpion, which thereupon stung itself and died. Dr. Allen 
Thomson^ also brings forward corroborative evidence as to the effect 
of rays of light. Mr. GillmanJ described experiments mode with a 
circle of glowing charcoal in which he states that the scorpion* died 
from their own sting. Mr. R. F. Hutchinson § pointed ont that the 
animals experimented upon by Mr. Gillman died from the excessive 
heat. Mr. Gillman, however, subsequently pointed out that the 
temperature in the centre of suoh a circle of glowing charcoal as he 
need does not exceed 50° 0. 

Mr. Curran§ tried the same experiment “ a score of times,” and 

• * Animal Intelligence,’ p. 235. 

+ ' Mature,’ vol. U. 

J ‘ Nature,' to!. 20. 

| ■ Nature,’ roL 21. 


VOL. XUL. 
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“ never hw the phenomenon so graphically delineated by Byron.” 
A would-be hnmorons anonymous correspondent writing at the same 
time snmmed up the subject thus: “ Can a man pummel his own 
back P Can a horse kick its own belly P But the feat attributed to 
the scorpion, apart from its moral obliquity, is physioally even more 
triumphant.” Mr. Lloyd Morgan* tried a great many methods of 
tormenting scorpions with the view of inducing them to commit 
snioide, but m no single case did thoy attempt to do so. 

Lastly, Bay Lankesterf noticed when killing a scorpion (Androotonus 
fumes tut) with chloroform vapour in a glass box that it made “ repeated 
blows with its sting in a straight-forward direction above its head,” 
and at last one blow was so ill-directed as to cause the sting to oatoh 
under the free projecting margin of the posterior region of the cephalic 
shield. There was no laceration in this case, but it was evident there 
might have been. Lankester states that it is important to note the 
species observed in connexion with this question. Suicide may ooour 
in some species, but not in others. He also suggested to me that I 
should ascertain whether the scorpion is ' immune ’ in regard to its 
own poison, as Fayrer states to be the case with Certain poisonous * 
snakes. 

At least three species of scorpion occur here—a large black 
one, which is probably Buthus Kochii, a smaller lighter-ooloored one, 
and a very small red one. I hope to determine these accurately 
later on. In the meantime I havo tried a very large and varied 
series of experiments upon their stinging powers with the following 
results: — 

1. There oan be no doubt that it is physically possible for a soorpion 
to sting itself in a vulnerable place. 

8. When a soorpion is placed in very unpleasant circumstance* it 
not unfrequently lashes its tail about and causes actual penetration of 
the sting, as in the case observed by Dr. Bidie. 

3. The poison of a scorpion is quite powerloss to kill the same 
individual or another individual of the same or even of another 
species. 

4. The poison is very rapidly fatal to a Thelyphomut, less rapidly so 
to a spider, and much less rapidly so to an insect. 

5. Two scorpions when fighting repeatedly sting one another with 
little if any effect, the stronger kills the weaker by actually pulling 
it to pieces with its chelicene. 

6. Scorpions cannot stand even a dry temperature much above 
60* C., but fall into a sort of “heat coma,” and soon die if the 
temperature is raised. 

• * Nature,’ vol *7. 
t 1 Linn. Boo. Journ., ZooL,' voL 16. 
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I will briefly describe the experiment* whioh have led to the above 
reanlta 

1 If a dead eoorpion be token whioh is quite bmp and not m ft 
state of rigour, it will be easily seen that the last four segments of 
the toil ore about the only portions of the body, whether on the 
dorsal or ventral surface, where a scorpion could not sting itself 
Further, if two fighting scorpions be watched it will be seen that the 
extent to which the sting can be moved about is perfectly wonderful 

2 I have tued the experiment with a charcoal fire, with a burning 
glass, and indeed a variety of other “ cruel ’ means of leading the 
scorpion to despair, and to attempt to end all by suicide, and have 
noticed that m lashing the tail about scorpions so treated have stung 
themselves To take the burning glass experiment, if the lays be con¬ 
centrated on any part of the body the scorpion brings his sting there 
and endeavours to strike away the source of lmtation (I have seen a 
scorpion do this from whom I had removed the whole sting some 
weeks previously), and sometimes the endeavours become more and 
more frantic, and the point of the stmg catches somewhere, but the 
soorpion does not die unless the heat is concentrated on the back 
when it soon succumbs and this equally so even w^th the stmg tied 
down or previously removed 

8 Upon the third proposition, whioh, if once established, is a 
conclusive and positive refutation of the snioide thoory, I have tried 
a great many experiments I have taken scorpions belonging to the 
various species found here, and by bolding the sting between a pan 
of forceps and the scorpion in my hand I have pricked the soorpion 
in various places with the sting and equeezed out xti puuon, there is a 
little bleeding from the wound Then still holding the sting I have 
taken a cockroach and squeesed out some more of the poison into it, 
and always with these results the soorpion lives foi days, the oook- 
roaoh becomes very sluggish at once, and dies in an hour or ao, it is 
always considerably paralysed, and cannot ran away far or fast 
I hare also used a large cnoket instead of a cockroach stung in the 
femur of the large hind log, that leg becomes paralysed Stung in 
the same plaoe on both sides both the hind legs become useless, (he 
animal crawls away on the two anterior pairs of legs, but otherwise 
appears happy Stung in the thorax it beoomee quite torpid, when 
placed on its back it is not able to turn over These last experiments 
show thst my method of squeexing out the poison is perfectly effec¬ 
tive 

I then prooeeded to try stinging one soorpion with another, firstly, 
both being specimens of the same speoies, seoondly, using different 
species There was always the same result, the stung individual 
never died from the sting, although I think that occasionally it 
beoame a tnfle sluggish 



so 


Dr. A. G. Bourne. 


[Jan. M, 

4 After considerable search I procured some specimens of Thety- 
pkontu, which I chose as being tbe nearest relatives of the scorpions. 
I stung these in my usual method, and in each case they died within 
six seconds. I then tried some spiders; they died in a few minute* 
when well stong. The action on cockroaches and crickets is described 
above. The equally rapid local but slower general action in these 
latter animals is probably to be explained by tbe very inefficient 
circulation of the blood in insects as compared with Arachnida. It 
would be an interesting experiment to sting a Limulus, and compare 
the effect with that on a crustacean, and with that on other Arachnida. 

5. While keeping a quantity of scorpions together in captivity it is 

not difficult to induce a couple to fight. I isolated such a couple, and 
they fonght on and off for two days, during whioh time each repeatedly 
stung the other. The scorpions face one another, and the more 
powerful managos to hold the other’s chelae within its own with a 
sort of hugging action; it then fights with its ohelicerse, clawing 
abont the region of the mouth. A strong scorpion will actually tear 
out the chelicera of a small one in this manner; it then proceeds to 
sock the blood and juices. i 

On another occasion I separated from one another two scorpions 
which had been fighting, and whioh had repeatedly stung one another. 
They lived perfectly well. 

6. Apropos of Mr. Gillman’s remarks abont the actual temperature 
to whioh the scorpion is subjected in the “ fiery circle,” I tried this 
experiment. I placed a scorpion and a cockroach (for comparison) in 
an incubator with glass sides ; I gave them a piece of wood to walk 
about upon, and gradually raised the temperature. At 40 9 C. both 
seemed uncomfortable, tho cockroach performed a sort of licking 
action on all its legs and antennas; at 45” 0. the soorpion became 
veiy sluggish, and at 50° C. it was nearly dead. A large furious 
scorpion before the experiment, it now lay on its back and did not 
attempt to get up. I took it out and gave it a cold bath, and put 
it in a cool earthenware vessel, and it gradually (two hours) 
recovered. The cockroach I left in the incubator till the temperature 
reached 52° C.; when it was nearly dead I took it out, and it very 
gradually recovered. 

To try the effect of a wet heat I placed a scorpion and a cockroach 
in water at 43” C., and they both died almost immediately, whereas 
they would both have livod in oold water for hours. 

In conclusion, I think we can understand how various observers 
have been led to form conflicting opinions, but I think we may safely 
assert that scorpions do not oommit suicide. There is not only an 
absence of proof that they possess any instinot to do so, but absolute 
proof that it is chemically impossible for them to do so—at any rate, 
in the species which I have examined. The immunity of the worpioif 



91 


1887.J The Reputed Svunde of Scorpion* 

from any injurious influence after inoculation with its own poison is 
merely a further example of a principle already established by Sir 
Joseph Fayrer’s experiments,* which show conclusively that the 
cobra poison will not affect a oobra, and will not even affect the 
viperine Ptyae 

Postscript 

Having received some criticisms and suggestions from Professor 
Bay Lankester with regard to the above record of experiments, l 
have made the following additional observations — 

1 It appears to have been stated that inclosure in a circle of oil, 
or inolosme under au inveited tumbler, will cause a soorpion to 
commit suicide I placed a scorpion on a plate within a nng of 
coooa nut oil It calmly walked through (This calls to mind Sir 
Kenelm Digby’s experiment with a spider placed m the centre of 
a circle made of powdered “ unicorn s horn Contrary to Sir 
Kenelm s prediction when this experiment was made before the Rojal 
Society on 24th July, 1661, the Bpider, as recorded m the Society’s 
legister, "immediately lan out severall times repeated The spider 
onoe made some stay upon the powder ’) I placed another scorpion 
on a plate, and round the edge a thick loll of rag dnppmg with 
keroeme oil The scorpion walkod out over the rag I farther daubed 
the scorpion with the oil it appoared nnoomfoitable bnt did nothing 
remarkable Tho experiment with an inverted tumbler was made 
and gave the same negativo result 

With regard to the method of * squoesmg oat the poison In all 
my experiments I catch hold of the stmg with a pair of forceps oi m 
my fingers and preRS the poison oat It is quite easy to press out a 
little drop of milky white fluid which has a very pungent smell 
leeembling that of formic acid 

As to the parts of the body in whioh two scorpions when fighting 
stmg one another, I have observed that tho sting is most usually 
inflicted under the front edge of the carapace, or between the joints 
of the groat chelae, and sometimes near the bases of the other legs 
I have constantly satisfied myself of tho actual penetration ef the 
sting lam also perfectly convinced that the scorpions so stung do 
not in any way suffer from the poison 
As to tho position of the artificial stinging earned out by me, I 
took especial care in all cases to avoid mechanical injury to the nerve 
ganglia Thus in my notes I find " Scorpion A made artificially to 
stmg Soorpion B in three places under tho cephalothorax, no oessation 
of activity ” Again, “ Thelyphonus A stung artificially in mid dorsal 
line between two abdominal somites The animal whieh was very 
active drew m his legs ngidly, and died m ten seconds ” “ Thely- 
• ‘ The Thauatopbidje of India ' 
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phonos B stung in same manner with same result*.” Again, “ Cock¬ 
roach stung between abdominal terga.” “ Cricket stung in third leg, 
that leg became paralysed; leg removed with scissors, and the animal 
became qnite active.” “ Gryllotalpa stung in one thigh, leg paralysed 
at onoo; stung in opposite thigh, same result. Other legs moving, 
tarns over when placed on his back and crawls abont. Stung now 
in thorax (dorsally), quite paralysed; moves jaws, bat will not turn 
over.” 

I have made experiments with simple puncture for control—that is 
without introduction of scorpion poison. Using large insects for 
these experiments I obtained complete freedom from ill-effects when 
using simple puncture, whilst the same species of insects when 
punctured with introduction of scorpion poison were instantly para¬ 
lysed and died in half an hour. 

I also procured two small shore crabs. One I punctured between 
two joints of the great chela of one side; several drops of blood 
exuded, bnt they coagulated, and the crab remained well. The seoond 
I stung in the samo place with scorpion’s sting, squeesing it to ensure 
poisoning. The claw was immediately paralysed, and the crab 
gradually became torpid, and died in less than an hour. 


III. “ Supplementary Note on the Values of tho Napierian 
Logarithms of 2, 3, 5, 7, and 10, and of the Modulus of 
Common Logarithms.” By Professor J. C. Adams, M.A., 
F.R.S., Loundsoan Professor of Astronomy and Geometry 
in the University of Cambridge. Received December 30, 
1886. 


In vol. 27 of the 1 Proceedings of the Royal Society,’ pp. 88—94,1 
have given the values of the logarithms referred to, and of the 
Modulus, all carried to 260 places of decimals. 

These logarithms were derivod from the five quantities a, b, e, d, e, 
which were calculated independently, where 


4 ° 


= lo ® a 


d = log 


60 

49’ 


and < tat log 


126 

I25 1 


and a complete test of the accuracy of these latter calculations is 
afforded by the equation of condition 

’ a — 26 + o = d + 2e. 

In the 'actual case the values fonnd for a, b, c, d, e satisfied this 
equation td 263 places of decimals. 

Although this proved that the values of the logarithms found in the 
above paper^ad been determined with a greater degree of aoeuraoy 
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dift vu there olaimed for them, jet I was not enhrelj satisfied with 
the remit, swoe the calculation of the fundamental q nan title* had 
been earned to 269 places of decimals, and therefore the above cited 
equation of condition showed that some errors, which I had not suc¬ 
ceeded in tracing, had crept into the calculations so as to vitiate the 
results beyond the 263rd place of decimals 
Of course in working with such a large number of interminable 
decimals, the necessary neglect of decimals of higher orders causes an 
uncertainty in a few of the last decimal places but when dne care is 
taken, this uncertainty ought not to affect more thin two or three of 
the last figures 

The Napierian logarithm of 10 is equal to 23a—06 +10c, and the 
Modulus of common logarithms is the reciprocal of this quantity 
Since the value found for the logarithm of 10 cannot be depended 
upon beyond 262 places of decimals a ooi responding uncertainty will 
affoot the value of the Modulus found from it 

In the operation of dividing unity by the assumed value of log 10, 
however, the quotient was cai ried to 282 places of decimals 

This was done for the purpose of supplying the means of correcting 
the value found for the Modulus without the necessity of repeating 
the division, when I should have succeeded m tracing the errors of 
oalonlation alluded to above, and thus finding a value of log 10 which 
might be depended upon to a larger number of decimal places 
Through inadvertence, the values of the logarithms concerned, and 
the resulting value of the Modulus, were printed m my paper in the 
* Proceedings ’ above leforred to exactly as they resulted flom the cal¬ 
culations, without the suppression of the decimals of higher orders, 
which in the case of the login ithms were uncertain, and in the ease of 
the Modulus wete known to be mcorroct 

Although it was unlikely that this oversight would lead to any mis¬ 
apprehension as to the degree of accuracy claimed for my results in 
the mind of a reader of the paper itself there might be a danger of 
such misapprehension if my printed results weie quoted in fall nn 
aoooznpamed by the statement that the later decimal places were not 
to be depended on 

My attention has been recalled to this subject by the circumatanoe 
that m the excellent artiole on Logarithms which Mr Glaishei has 
contributed to the uew edition of the 1 Encyclopedia Bntanmca/ he 
has quoted my value of the Modulus, and has given the whole of the 
282 decimals as printed m the Proceedings of the Boyal Society,’ 
without expressly stating that this value does not ol&im to be accurate 
beyond 262 or 263 plaoes of decimals 
I have now succeeded in tracing and correcting the errors which 
vitiated the later decimals in my former calculations, and have 
extended the computations to a few more decimal plaoes The oom 
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putations of the fundamental logarithm* a, 5, e, d, e have now been 
carried to 276 decimal places, of which only the last two or three are 
uncertain. 

The equation of condition, a—26+e = d+2e, by which the aoon- 
raoy of all this work is tested, is now satisfied to 274 places of 
decimals. 

The parts of the several logarithms concerned whioh immediately 
follow the first 260 decimal places as already given in my paper in the 
1 Proceedings,’ are as follows:— 

a 06700 38668 72127 8 

b 67972 72775 92889 4 

c 42038 01732 39184 3 

d 08865 93150 99834 1 

e 01468 48349 12851 7 

Whenoe a - 25 + c « 11792 89849 25533 3 

and d + 2e = 11792 89849 25537 5 

Difference = 4 2. ' 

Also the corresponding pai ts of the logarithms which are derived 
from the above are- 

log 2 30070 95326 36668 7 
log 3 68975 60690 10659 1 
log 5 13580 59722 56777 3 
log 7 74183 10810 25196 7 
Whence log 10 43651 55048 93446 0 

And the correction to the value of log 10 which was formerly 
employed in finding the Modulus is 

- (263) 33 69426 01554 0 

where the number within brackets denotes the number of cyphers 
which precede the first significant figure 

The corresponding correction of M, the Modulus of common loga¬ 
rithms, will be found by changing the sign of this and multiplying by 
M\ the approximate value of which is 

0-18861 16970 1161 

Hence this correction is 

(264) 6 35513 15874 7 

And finally the corrected value of the Modulus is 
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It-*48489 44819 0**61 89786 11989 18916 60608 >9948 97006 80868 

66661 14468 78816 68646 49908 87077 47991 94940 88848 17488 

18706 10674 47688 03788 64167 99871 68968 90666 92910 64669 

81986 68691 97086 66867 08996 98870 86966 88366 88881 16860 

77884 90614 28448 48666 76864 66860 86185 66148 91984 87668 

48648 48678 17968 88669 21868 26 

which it true, oertainly to 272 and probably to 273 places of 
decimal*. 


IV. “ On tho Crimson Line of Phosphorescent Alumina.” By 
William Crookes, F.R.S., V.P.C.S. Received Docember 
80,1886. 

In a paper which 1 had the honour of oommunicating to the Royal 
Society* in March, 1879, I described the phosphorescence of alumina 
and its various forma when under the influence of the electrical dis¬ 
charge in vacuo, in the following words:—“ Next to the diamond, 
alumina in the form of rnby is perhaps the most strikingly phosphor¬ 
escent stone I have examinod. It glows with a rich, full red; and a 
remarkable feature is that it is of little consequence what degree of 
colour the earth or stone possesses naturally, the colour of the phos¬ 
phorescence is nearly the same in all cases; chomioally precipitated 
amorphous alumina, rabies of a pale reddish-yellow, and gems of the 
prised ‘ pigeon’s blood' colour, glowing alike in tho vacuum, thus cor¬ 
roborating E. Becqnerel’st results on the action of light on alumina 
and its compounds in the phosphoroscope.The appear¬ 

ance of the alumina glow in the spectroscopo is remarkable. There is 
a faint continuous spectrum ending in tho red somewhere near the 
line B; then a black Bpaco, and next an intensely brilliant and sharp 
red lino, to which nearly the whole of tho intensity of the coloured 

glow is due.This lino coincides with the one described 

by E. Becquerel as being the most brilliant of the lines in the spec¬ 
trum of the light of alumina, in its various forms, when glowing in 
the phosphoroscope.” 

In 1881$ I again returned to the Bubject, describing a large 
number of fresh experiments; and I may add that the red glow of 
alumina has been, off and on, a subject of examination with me since 
the year first named down to the present time. 

In the papers above quoted I gave as accurate measurements of 
the alumina line aa my instrumental means would then pormit. I ( 
have recently had occasion to go over these meaaarementa'again in a 

• * PUL TnuuV Part 2,1879, pp. 660, 061. 
t ' Anwdes d» Ohlmie st de Physlqne,’ vol 67,1889, p. 80. 
t ‘ Roy. Boo. Proc.,’ vol 89, pp. 206-908. 
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large spectroscope of very aocurste construction, and the remits, I 
think, are sufficiently important to be worth bringing before the notion 
of the Boyal Society. 

The epeotmm consists firstly of an exceedingly faint and buy pair 
of bands; these are too faint to measnre, bnt they appear to be in 
about the same position as the bands 1986—2009, and 2031—2075 in 
the spinel spectrum given farther on. Next is seen the characteristic 
crimson line of tho alumina spoctrum; this, when examined with a 
fine slit and high power eyepioce, is seen to be donble, the distanoe 
apart of the components being about half the distance separating the 
D lines. Then come a pair of fainter and rather nebnlons orange 
lines; beyond them is a dark space followed by a continuous spectrum 
extending to the green. The following are the measurements of the 
spectrum:— 


Scale of 
•pectroacope. 

X. 


Hemarka. 

10-660’ 

6042 

2075 

The ft rat component of the double crimeon 

10 648 

6037 

2078 

The aeoond component of the donble orim- 
aon line. Tlieae hnea are nearly aa a harp 
aa the oompononta of D. 

10 460 

6707 

2228 

Approximate centre of a narrow band, 
abiding off at each aide. j 

10 400 

6608 

2297 

Approximate centra of a narrow band, 
•hading off at each aide. Thia band is 
aomewhot aharper and brighter than the 
one at 2223. 

10 800 

6611 

2867 

Approximate commencement of the con- 
tinuoui apeotrum which extendi into the 
green, abiding off too indefinitely to 


The accompanying cut (fig. 1) gives the spectrum drawn to the 
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It is known that spinel (magnesium alamlnate) phosphoresces with 
a red light, and shows a crimson line in its spectrum.* On examiuu 
Sk«n fat the high power spectrosoope the spectrum of the light emitted 
hgrepinel under the radiant matter teat is seen to differ from that 
emitted by ruby and alumina under the aame teat, and to oloeely 
approximate to the description given by E. Becquerel in 1859. 

The spectrum first shows, in the extreme red, a faint double band, 
then a narrow crimson line, whiob, however, is not donble like tho 
ahunina line, neither is it quite so bright and sharp. Four haay red 
bands follow, the fourth being wider and more indistinct than the 
others. Here the spectrum of most spinels fades away. Sometimes, 
however, a spinel is seen to glow with a greenish tint; in these the 
spectrum is the same as the others up to this point, and there is also 
seen a bright concentration of light in the green. 

The measurements of the spinel spectrum are given in tho following 
table:— 


Scale of 
spectrosoope. 

X. 

1 

A* 

Remarks. 

10'61(r 

7096 

1986 

Approximate commencement of first com¬ 
ponent of ill-defined double band. 

10-595 

7065 

2009 

Approximate end of ditto. 

10-580 

7017 

2031 

Commencement of ill-defined second com¬ 
ponent 

10 550 

6943 

2075 

End of ditto 

10-615 

0857 

2127 

Centre of sharp crimson line. 

10 490 

6798 

2164 

Approximate commencement of broad 
noxy band. 

10-450 

0707 

2223 

Knd of ditto. 

10-440 

0683 

2239 

Commencement of tocond component of 

10-406 

6008 

2290 

.End o\ ditto. 

10-400 

6598 

2297 

Commencement of third component. 

10-880 

6555 

2327 

End of dll to. Tlus band is somewhat 
sharper and brighter than tho other com¬ 
ponents of this group. 

10-870 

6534 

2342 

Commencement of fourth component of 
ditto. 

End of ditto. 

10-880 

0464 

2401 

#"780 

5541 

8257 

concentration in the green seen in tome 
spinel*. 

Position of maximum luminosity of this 
concentration of light. From this point 
the spectrum appear* to be oontuition*, 
shading off gradually toward* the blue 
and violet. 

0-440 

5284 

8660 


The drawing (fig. 2) shows the spectrum, drawn to the scale. 


* X. Reoquerel, • A nn ul e t de Chimie et de Physique,’ voL 57, p. 58 j W. Crook**, 
* Bov. Soc. Proc..’ vol. 82. o. 206. 
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Spectrum of Spinel (Magnesium Aluminste). 


In the ‘ Comptos Rendu* ’ for December 6th last* appears a brief 
note by M. de Boisbaudran, in which ho annoonoea, “ to take date, that 
alumina, calcin-d and submitted to the electrical discharge in a vacuum, 
hat not given him a trace of red fluorescence. This fluorescence, as well 
as its special spectrum, shows itself brilliantly when the alumina contains 
■\hsth and even xfavth of Cr,0, With the rxshns^ part of Cr,0, we 

still obtain very visible rose colour . From Jhese observations 

the presence of chromium appears to be indispensable to the production of 
the red fluorescence of alumina.” 

This statement being opposed to all my experience, I immediately 
instituted experiments with a view, if possible, to clear np the 
mystery. I started with aluminium Bulphate, whioh I knew to be 
tolerably pure, and in which ordinary tests failed to deteot chromium. 
On ignition and testing in the usual manner in a radiant matter tube, 
the alumina lino was brightly visible in the spectrum of the emitted 
light. Different portions of this aluminium sulphate were now 
purified by various processes for the separation of chromium. All 
gave as a result tho absence of this impurity. The most trustworthy 
process being that devised by Wohler,11 used it to purify the bnlk. 
The salt was dissolved in water, and excess of caustic potash added 
till the procipitate first formed redissolvod. Chlorine was now passed 
through till no more precipitate fell down and the liquid retained a 
strong odour of chlorine. The whole of the chromium would now be 
in solution, whilst the alnmina would be in the procipitate, The 
alumina was filtered off, well washod, and a portion tested in the 
radiant matter tube. It gave as good an alumina spectrum as did the 
original sulphate, the orimson line being very prominent. 

The alnmina thus purified was a seoond time dissolved in caustic 
potash and submitted to the chlorine purification. Again in the 
radiant matter tube the alumina gave its characteristic crimson lino 
spectrum. 


• ‘ Comptes Bendus,’ voh 102, p. 1107. 
t ‘ Select Method! to Chemical Analysis,' 2nd edition, p. 124. 
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The filtrate from the alumina, which should contain all the 
chromium present m the form of potassium chromate, w&b super¬ 
saturated with hydrochlono acid afid boiled till free from volatile 
chlorine compounds Aloohol was then added, and it was again 
boiled to reduce to the state of sesquiohlonde of chromium any 
ohronno acid which might be present Ammonia in excess was now 
added, and the whole was boiled, a very small precipitate of a brownish 
odour fell down, it was filtered and washed This precipitate, which 
was not more than the ^^th part of the alumina from whioh it 
was derived, contained no chromium whatever, it was too small m 
quantity to admit of a complete analysis being made, but all the testa 
which I could apply showed it to be a mixture of fcmo oxide and 
alumina 

One part of this precipitate was mixed with 100 paits of the pure 
alumina from which it had just been separated, and the mix taro was 
tested in the radiant matter tube The phosphorescence was the same 
as in the two previous experiments, the enmaon hue bung neither 
better nor worse 

I now prepared aluminium chromate, and tested its action in the 
radiant matter tnbo It was almost black after ignition and refused 
to phosphoresce A mixture was then made of aluminium chromate 
and alumina in the proportion of one part chromium to 100 parts i f 
aluminium After ignition the colour of the mixture was almost 
white Testod, it gavo very poor phosphorescence, the alumina line 
was faintly visible 

Aluminium acetate was mixed with 5 per cent of ammonium 
bichromate, ignited with aulphuno acid, and testod in the radiant 
matter tube There was no phosphorescence The same mixture was 
heated to a high temperature before the blowpipe, when it gave a 
very feeble phosphorcscenco but I could detect no lino in the 
spectrum 

Pure alumina was mixed with 5 per cent of ammonium bichromate, 
and moistened with sulphuric acid Aftor ignition it phosphoresced 
with a reddish colour, and the speotrum showed a concentration of 
light in the orange but no alumina light was visible lhe tube was 
opened, and the contents heated to a very high blowpipe temperature 
la the radiant matter tube it gave the same results as before 

A mixture of 0 & per cent ammonium bichromate, 10 per cent of 
Iimo, and 89 5 per cent ot pure alumina was ignited with sulphuric 
amd, and tested in the usual way lhe calcium brought out a trace 
of yttrium and samarium bands, but no crimson line was to bo soon 

Alumina precipitated from its ammomacal solution by boil ng was 
found to glow with a green light in tho vacuum tube and to give no 
crimson line in its spectrum The tube was now opened, and some of 
its contents removed and heated in a hot blast blowpipe to the 
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melting point of platinum for about fire minutes. He-tested in a 
vacuum tube this alumina was seen to glow at the points and edges 
of the lumps where the heat had been fiercest, with a red lights 
giving a faint line spectrum. The bulk of the mass, however, gave 
out the original green glow. 

To get the crimson line most brilliantly, it is necessary to ignite the 
earth to the highest temperature of the blowpipe flame. With a 
slightly less heat the phosphorescence is not strong, and the line is 
faint. When the temperature has not been raised high enough the 
colour of the emitted light in most aluminas is green, and no line is 
visible; whilst the same earth raised to a higher temperature glows 
with a red light, and the red line comes into view. The most brilliant 
crimson line, when seen at all, has always been obtained when the 
alumina has been kept near the melting point of platinum for some 
time. 

Physical differences, or perhaps even difference in molecular com¬ 
position, also exert a great influence on the phosphorescence of 
alumina. In this connexion, I ask permission to quote a sentence 
from my paper of May, 1881, already mentioned Two earthen 
crucibles were tightly packed, the one with sulphate of alumina, the 
other with acetate of alumina. They were then exposed, aide by aide, 
to the most intense heat of a wind-furnaoe—a heat little short of 
the melting point of platinnm. The resulting aluminas were then 
tested in tho moleoular stream. The alnmina from the sulphate 
gave the crimson glow and the spectrum line. The alumina from 
the acetate gave no rod glow or line, but a pale green phosphor¬ 
escence.” 

Experience gained in the yttria research has taught me that the 
possibility of tho molecule of aluminium being composed of two or 
more submoloeuleg, only one of which is capable of giving the crimson 
line phosphorescence, muit not bo overlooked. To test this hypo¬ 
thesis alnmina, as pure as I could prepare it, was submitted to three 
separate processes of fractionation, the operations in each case being 
repeated from twenty to thirty timeB. Alumina giving the orimson 
line always concentrated towards one end of the fractionations, 
whilst at the other end the alnmina sometimes phosphoresced of a 
green tint, and at others scarcely phosphoresced at all, the crimson 
line being either very feeble or entirely absent in the spectrum. The 
earths were always ignited for the same time and, as nearly as 
possible, to the same temperature. 

In no case could chromium be detected at either extremity of the 
fractionations. 

These experiments are perhaps too few to permit any important 
inference being drawn from them. There seem, however, to be four 
poaible explanations of the phenomena observed:— 
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1 The cnmaon line is due to alumina, but it is capable of being 
suppressed by an accompanying earth which concentrates 
towards one end of the fractionations 

8 The cnmaon line is not due to alnmma, but is due to tbe 
presence of an accompanying earth concentrating towards the 
other end of the fraotionations 

8 The cnmson line belongs to alumina, bnt its fnll development 
requires oertarn precautions to be observed in the tune and 
intensity of ignition, degree of exhaustion, or its absolute 
freedom from alkaline and other bodies earned down by preci 
pitated alumina and difficult to removo by washing, experience 
not having yet shown which of these precautions are essential 
to the fall development of the cnmson line and which are 
unessential 

4 The earth alnmma is a compound molecule, one of its con 
stituent molecules giving the cnmBon line According to this 
hypothesis alumina would be analogous to yttna 

It is not unlikely that a chemist wishing to obtain alumina of 
exceptional purity might submit it to a senes of operations, akin to 
fractionation, which would have the effect of giving earths phos¬ 
phorating either with a strong cnmson line, or with little or no 
cnmson line, and either of these samples of alnmma might be looked 
upon by him as pure It is possible that some suoh explanation as 
this may be at the bottom of the contradictory statements respecting 
the cnmson line of alumina 


Pretents, January 18, 1887 
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Florence:—R. Istituto di Studi Suporiori Pratioi e di Perferion- 
amento. Sesione di Filosofia e Filologia. Pabblicasioni. 1882. 
8vo. Firenze 1882. The Institute. 

London:—Entomological Socioty. Transactions. 1886. Part 4. 
8vo. London 1886; Charter and Bye-Laws, and List of Fellows, 
1886. 8vo. The Society. 

London Mathematical Society. Proceedings. Noe. 272-274. 8vo. 

London 1886; List of Members, 1886. 8vo. * The Society. 
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January 20, 1887 

Professor STOKFS, DCL, Piesidcnt, in the Chau 

The Presents received were laid on the table and thanks ordered 
for them 

The Bight Hon tho Lord Halsbury was admitted into the Society 

The following Papers were read — 

I * Some Anomalies in the Winds of Northern India, and their 
Relation to tho Distribution of Barometric Pressure ’ By 
S A Hill, B Sc , Meteoiological Repoiter to Government, 
Noith-Westcin Provinces and Oudh Communicated by 
H F Blankoud, 1) IIS Mot(urological Reporter to the 
Government of India Roocived Tanuaiy 3, 1887 
(Abstract) 

In this paper the anthor points ont that notwithstanding the great 
amount of light thrown upon the circulation of tho atmosphere over 
Northern India by the accurate and interoomparable barometric and 
other observations in ado at numerous meteorological stations during 
the last thirteen years, theio aro still some unexplained anomalies 
connected with the wind system of that part of the world The 
most important of these anomalies aro the following — 

(1) The winds of the hot season not infrequently blow against a 
rising barometric gradient i e from places wbero the pressme is low 
to otheis where it is higher 

(2 ) The veloeity of the wind ha* little or no relation to the 
distribution of pressure, bnt increases and diminishes with the tern 
perature 

(I) An nnnsual accumulation of snow on the Noith west Himalaya 
during the winter and spring months causes, as Mr H F Blanford 
has shown unusually stiong dry westerly wu dsover tho plains dnnng 
the succeeding summer, whereas the high pressure at sea level 
accompanying cold over the regions to the north of India should 
give nse to casteily winds 

The paper is divided into thiee parts in which these thiee anomalies 
are discussed in order The first part is in reality a train of inductive 
reasoning which leads up to the hypothesis that the cause of the 
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anomalous hot winds is to be found, not m the distribution of pressure 
at the level of the plains but ui an interchange between the lower 
atmospheric strata and those at high levels, effected through the 
medium of oonvection currents set up by the diurnal heating of the 
earth s surface when the sun shines This hypothesis was first put 
forward byKopptn to explain the diurnal inequality of wind velocity, 
and the author shows that in the diy season the vertical distribution 
of temperature in India is such that convective action capable of 
producing suoh interchange must occur 

In the second part the diurnal sanation of the wmd velooity is 
attnbnted to convective into change and it is shown that probably the 
annual inequality may bo explained m the same way the barometric 
gradients prevailing at high levels between the plains and the monn 
tains to the north of India being subject to an annnal variation 
dependent on thi temperature lo verify the conclusions deduced 
from the convection hypothesis thi midday pleasures at*10 000 feet 
above sea level hnve been compnkd for tho months of January May 
July and Oitoiler fiom the bseivakons of many years at forty 
stations anl tho lesnlting values have been laid ddW on a sot of 
charts another set giving tho distnbntion of pressure at sea level 
and the pievaihng wind directions over India The lugh level distn 
bution of pressuro as shown on tho charts is fonnd to bo exactly such 
as would produce the (l served anomalies in the wind direction and 
velocity The charts also furnish reasons for the particular paths 
taken by the disturbances which bring the winter rainfall of Northern 
India and by the cyclonic stoi ms originating at different seasons in 
the Bay of Bengal the mle being that the stoim centre follows the 
line of lowest pressure m a stratum of the atmosphere lying above all 
local obstructions such as the mountain ranges m the interior of 
India 

The third pal t of the paper is del oted to j roving that in years 
when the summer rams fail the giadients for westerly winds at 
10 000 feet ovu Northern India are intensified m the first place by 
the unusual cold over the North west Himalaya, due to the previous 
snowfall and afterwards by the great heat of the plains which have 
not been cooled by the nsnal precipitations m Jane and July The 
evidence for this conclusion u not so clear as it might be, but it is 
shown that when the most trustworthy observations are compared 
the gradients for westerly winds at 10 000 feet over the Gangetic 
plains were very high in the remarkably dry years 1877 and 1880 
whilst they were veiy low that is to say there were gradients for 
easterly winds over a great extent of the plain, in 1879 and 1884, 
which were years with excessive ram In the moderately dry year 
1883 there was a considerable gradient for westerly winds, bat not 
nearly so gieet as in 1877 or 1880 
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The paper u illustrated by three plates, the first giving the sea- 
level distribution of pressure and the wind directions all ovei India, 
the second the distribution of pressure at a height of 10,000 feet, 
and the third the curves of temperature docrement on ascending, both 
as given by observation in Glaisher a balloon ascents, and as oomputed 
on the hypothesis of adiabatic convection 


II “ Evaporation and Dissociation. Part V A Study of the 
Thermal Propeities ot Methyl Alcohol ’ By William 
Ramsay, Ph D , and Sydney Young, D Sc Communicated 
by Professor G G. Stores, D C L , P.R S Received 
January b, 1887 

(Absti act) 

This is a continuation of the investigation in 'which the authors are 
i ngaged The measurements ineindo the expansion of the liquid, the 
pleasure of the vapour, and tho compressibility of the substance in 
the gaseous state, and from these are deduced the densities of the 
saturated vapour and tho heats of vaporisation 1 he total range of 
temperature is from —15° to +240°, the range of pressure, from 
11 mm to 60 000 mm The conclusions announced in their previous 
papers are supported by these measurements The apparent critical 
tempo!attire is 240 0°, and the critical pressure about 59,700 mm 


III. “ Furthei Discussion of the Sun-Spot Observations made at 
South Kensington ’ Bj J Norman Lockyeb, F.RS. 
Reoeivod Jnnuaiy 8 1887 

In papers communicated to the Royal Society, and printed in the 
‘ Proceedings ’ (vol 11, pp 72 and 348, vol 32, p 203, and voL 33, 
p 154) the sun-spot observations made at South Kensington since 
1879 have been to some extent discussed 
In the last paper communicated to the Society, m May, 1886,1 
discussed the results obtained by the redaction of the observations of 
the most widened lines in the region F to b for the whole number of 
observations (700) made from November, 1879, to August, 1885 
In the latter paper it was shown that as wo pass from tho minimum 
to the maximum period included m the years named, the lines of 
known terrestrial elements disappear, their places being taken by 
lines which do not appear in any maps or tables of spectral lines It 
was pointed out that such a result might be explained on the supposi¬ 
tion that since the solar atmosphere is quietest and coolest at the 



88 Mr J N Lockyer On tht [Jan. 80, 

■mnimnm period, the rapoure of terresti lal elements can exist then at 
the son spot level and give some of their characteristic absorption lines 
while at the more intensely heated and much disturbed maximum 
sun spot period the vapours of terrestrial elements are dissociated, 
at the spot level and give vaponis which have no terrestrial eqmva 
lents 

Since last May the reduction of the observations of the most 
widened lines in the region b to D has been continued and the results 
are given in the present communication Ihey strikingly confirm 
those previously obtained The conclusions drawn in the previous 
paper arc therefore much strengthened by the evidence obtained from 
this new region 

The ohseirations referred to in the foimei paper were given in a 
senes of tables corresponding tables are given in the prosont com 
mnmoation so that a dear companson can bo raado Tables A and B 
show that for each of the elements taken—iron and titaninm—the 
number of lines seen in tho aggiogate in each hundred observations 
decreases from the minimum to tho maximum penod 

Nickel was given in the previous papei but in this region b to D 
Thalcn only gives e lines duo to nickel and only one of these is 
found amongst the most widtnod lines and that only once m the fifth 
hundred 

Table C gives the lines recorded ns most widened but not included 
as metallic lines by Angstiom or Ihalen and it will be noticed these 
are recorded as most numerous at the maximum period 

In the curves given in Fig 1 it is seen that thoie is the some 
rapid rise in the unknown lines to the third hundied the same gradual 
rise from this to the sixth hundred and then the commencement of the 
fall, just as in the previous paper for tho other rogion of the spectrum 
nnder observation The carve dne to iron exhibits an almost exact 
coincidence with the one pievioosly published for the other region 
with the difference that in this part of the spectrum the number of 
iron lines is not so groat 

Tho titanium curve shows a sudden nse in the fifth hundred One 
line (5226) was amongst tho most widened no less than twenty two 
tunes, and it is a singular fact that this line was only recorded as 
most widened on one other occasion (in the fourth hundred) in the 
whole 700 observations Although at first sight this seems to be a 
result oontrary to that obtained in the case of iron it should be 
remarked that this line is one seen in the specti am of the spark and 
may be considered to be due to high temperature, therefore its 
appearance in the maximum penod was fully in accordance with the 
other facta adduced 

The reductions have been made and the tables prepared by Messrs 
'Mills, Spenoer, and Taylor 
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Table 0 —Unknown Widened Lines Observed at Kensington 

lit 2nd 3rd 4th 5th Oth 7th 
hundred hundred hundred h ndred hundred hundred hundred 
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Transactions 

Dresden —Kaiserliche Leopoldino Carolraische Deutsche Akad 
der Naturforschcr Leopoldma Jahrg 1884-85 Heft XX 
XXI 4to Halle 1884-85 Nova Acta Bande XLVII- 

XLVIH 4to Halle 1885 86 The Academy 

Verern fttr Erdknnde Verseichma von Forschom m wis 
senschafthoher Landes end Vulkskundo Mittel Luropas 8vo 
Dresden 1886 The Association 
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January 27, 1887 

Professor G G STOKh8, DCL, President in the Chair 

The Presents received were laid on the table, and thanks oidered 
for them 

The following Papers were read — 

I “On a Perspective Micioscopo ’ By Georof J Burch 
Communicated by J Russfll Reynolds MD, FRS 
Received January 7, 1887 

(Abstract) 

In 1874 the author discovered a form of microscope giving constant 
magnification along the optic axis, so tliat objects were shown by it 
in microscopic perspective 

By writing (/i+/*+H) for the distance between two thm lenses, 
he obtained for the formula of the system 

tef*±H)n-fjf ( f x +A± H > _ _ 

Ha-A(/i+H) 

u being the distance from the object to tho first lens and v that from 
the second lens to the image 

Putting H = 0 in this equation three things result 

1 dvjdu which represents the longitudinal magnification, beoomes 
constant, namely —(fvlfi)* 

2 The lateral or angular magnification, /g//j is also constant, 

8 A picture of an object so magnified, drawn with tho camera 
lncida, when viewed from a distanoe /,//] times less than that at 
which it was drawn has the perspective belonging to an object 
magnified (/j//j) a times 

The distance at which the eye must be placed is great bnt may be 
reduced by employing threo lenses, the distance between the first and 
TOL xui i 
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second being (/i+!/»+/s/ M 0» an(i that between tbe second and third 
(ft +/*+*»/»)• 

If the lenses are nearly bat not quite in the afocal position, greater 
power and a wider field may be obtained, bnt it is at tbe expense of 
the penetration, which may, however, with advantage be limited to 
the thickness of the object. The instrument offers great advantages 
for artistio purposes, but lenses or mirrors of specially wide angle are 
needed for the farther development of the invention. 

The optical conditions of a system of two thin lenBes at varying 
distance apart are shown by diagrams. 

In Diagram I the u and v of the formula employed aro set off as 
ahsciBsce and ordinates, and the curves (which are rectangular hyper¬ 
bolas) drawn for several valnos of H. In the afocal position of the 
lenses the enrve degrades into a line which is a tangent to all tho 
hyperbolas at the point (/j./j). Tho locus of veiticos and locus of 
centres of these curves being straight lines, and the hyperbolas all 
touching tho point (/,,/ 2 ), it is shown that tho principal foci, principal 
points, and equivalent focal length for any given position of the lenses 
can be found by rule and compasses, without drawing tho enrve. 

In Diagram II the actual position of the lonses, their principal foci, 
separate and combined, and the principal points, positive and negativo 
(answering to the vertices of the curves in Diagram I), are plotted 
down as abscissa), the values of II on an enlarged scale being taken as 
ordinates. 

Diagram III shows the same for two lenses of equal focal length. 

Comparison of these two diagrams suggests tho employment of the 
term “ Pseudo-Principal Points ” for those positions at which the 
magnitude of tho image is in the oonstant ratio f t lf x to that of the 
object for every value of H, inasmuch as the distance from those to 
the pnucipal points gives the measure of tho “ penetration ” of the 
system. 


II. “ On tbe Thermodynamic Properties of Substances whose 
Intrinsic Equation is a Linear Function of tbe Pressure 
and Temperature.” By Professor Georok F. Fitzgerald, 
M.A., F.R.S. Received January 11, 1887. 

Professor Ramsay has communicated to me that he and Mr. Young 
have found that within wide limits several substances in the liquid 
and gaseous states have the following relation connecting their pres¬ 
sure (pX temperature (T), and specific volume (v), 

p = aT + b, 

where a and b are functions of v only. 
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Now in this case the following are the forms that the thermo, 
dynamic equations assume. T is temperature, and <t> is entropy, and 
c and e are functions to be investigated, c being = dl/dT, where 1 is 
the internal energy, and e = dl/dv. 

Then 

, T — c dT + (e + p)dv. 

From this, as de/iVT = dejdo, we Viavo dj>/dT = e+p/T. 

Bat dp/dT — a by the intrinsic equation, aud is a function of t> 
only, .•.«=-!, which is a function of v only, de/dT = 0, 
.'. dejdv = 0, . •. is c a function of T only, and dl = c dT + e dv gives— 
I —fcdU+fedv =7 + V, 

where 7 is a function of temperature only, and X a function of volume 
only. 

Similarly, 

Td0 = ed#+oTic; 

. ■. dxj> = ^. it +■ a dv t 

0 = j^+/ad», 

0 = F+-, 

where r is a function of temperature and * of volnme only. 

Hence we see that c, the specific hoat at a constant volume, is a 
function of the temperature only, and the internal energy and tho 
entropy can be expressed as the sums of two functions, one a function 
of the temperature only, and the other of tho volume only. 

For the specific heat at oonstant pressure we have— 

C = e+(«+i>)* 




where a'= dajdv and 


C-e 


Tn J 

‘Ta' + F 


b' — db/dv, 


In the case of the particular valuos of a and 6 that Professor 
Bam say has suggested to me, when the intrinsic equation assumes the 
form— 


P 


RT p 
v— 1> 0 «•* 


1 2 
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and when consequently 



wo hare 
and 



It would bo most important if by some method, Koenig's for in¬ 
stance, or by inserting a small microphone into a tnbe, the velocity of 
sound m substances in various states could be accurately determined, 
ns that would enable ur to determine C and c separately. 


III. “On the Morphology of Birds” By Professor W. K. 
PAnKER, F.R.S. Received January 13,1837. 

(Abstract) 

Introductory BemarJcs. 

During the time thut the special study of tho development of tho 
skull has occupied my attention, tho rent of the skeleton has boon 
neglected; it has, however, had its cultivators in no small number. 

In a limited dogroo the skeloton has been worked out by me;—for 
instance, the shoulder-girdle and sternum in the Vertobrata generally ; 
in birds, the whole skeleton did at one time—a quarter of a century 
ago—take up much of my thought 

The devrlo}>ment of the skeleton, generally in this Class, is a subject 
of great interest, and I am anxious to catch up all the scattered 
results that lie before me, of tho excellent but extremely limited 
labours of other biologists 

I did begin tho study of the development of the limbs, sternum, 
pelvis, and spine, in 1842, and some of the results will bo brought 
forward in the present paper. 

This will bo, 1 trust, but the first-fruits of my most recent work; 
for, during the long yoars that havo elapsed since this research was 
fairly begun, I havo lost no opportunity of laying up in store 
embryos and young of birds of many kinds. These stores, if well 
worked out, will yield a series of papers liko the one now offered to 
tho Society.* 

• Although I have for many year* put kept a register of the preeente of 
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The bibliography of my published papers on the Osteology of the 
Thorax partly and of the Skull largely, is given in tho general 
Bibliographical List It has been necessary to do this, as every scrap 
and part of the older work is wanted, now that an attempt is made 
to build the old and the new into sumethmg like a structure having 
form and fulness 

There are several things that go to increase the interest in tho 
morphology of these culminating Sanropsi la at tho preaent time 
First —The discovery by Gcgenhaur, Huxhj, and others, of the 
close relationship of bir Is an l reptiles especially ot the i xtiaordmary 
fact that the hind limb and pelvis ot even the mi st minute bird pass 
through a stage in which they criresponl aim st eviu fly with the 
hind limb and pelvis of tho most gigantic kinds of extinct lcptiles — 
the Dinosaurs or Ornithosccli la 

Secondly —Tho reccut discoveries of biologists as to the composition 
of the Gbeiroptoryginm in the various types of air breathing Vert* 
brata. It is now well kn>wn that the five Jinjn l tail and the / t 
with floe toes are the ape lalised modern representatives of hands an 1 
feet that had at least seven rays in their composition 

And thudly —the stu ly of the dove lopment and general miiplivlogy 
of birds is, st the present turn, of gioat interest,—now that we aie 
looking to the study of t» tai tylosis for h nne initial duel lation of 
the mystery as to the origin of tho vanous types of Vertel rata 

The labour of each succeeding day at this culminating Class makes 
it more and more impossible for me to conceive of birds as arising 
direct from the Dinosaurians, or indeed from any other irdir or 
group of reptiles 

Long attention to the metamorphosis if the Amphibia has intensified 
this difficulty to me, for the newly transfoimed fnr g or newt appears 
to mo to be the true counteipart of a newly hatched reptile—snake 
heard, turtle, or crocodile 

Bach of these young c roaturcs whether it has unlergone a true 
metamorphosis or has been the subject of pr nal d transformation is 
evidently an turn jo, although an imago that continues to grow 

Now each amphibian luia its own Iota, fox the larvro of the various 
species have their specific differences 

The thousand known species of existing Amphibia—Amirans 
Urodeles, and Coecilians—anil all the fashes that undergo metamoi 
phosis, are as truly if mt as remarkably distinct from each other in 
their larval as in their imago form —as mnoh so as is the ease in 
insects, or any other of those invertebrate types that are truly meta- 
rnorphm 

maUrals tor this and other parti ot my work I cannot reproduce it here but rauit 
use thu opportunity of thanking a hoitof kind fnenda for gifts which in abundance 
and variety, an somewhat embarrassing 
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If many of the existing Vertebrate are metamorphio note, is it not 
very probable that they wore all metamorphio once t 

The fact that we have, even now, such forms as the larval lamprey 
(or Ammocoete), the larv® of Ganoids and Dipnoi, and the tadpoles 
of newts and frogs, suggests to me the possibility of the existence of 
huge swarms of low Proto-Vertebratain the early ages of the inhabited 
planet. 

If snch proto-vertobrnte forms existed, then it is quite supposable 
that a metamorphosis may, from time to time, have taken place, of 
this and that quam-larval form into archaic reptile, ancestral bird, or 
primitive mammal 

I am not afraid that anyone familiar with the development, 
structure, and habits of the existing Amphibia will see any difficulty 
in the passage of a metamorphio into a to-called non-metamorphio 
type, during time, and undor the pressure of now outward conditions, 
—when the dilemma offered to the supposed low vertebrate was 
Tiawtform or prriih 

To mo it seems that the creature's necessity was .Nature's oppor¬ 
tunity; and that, during long ages, tho morphological force had 
accumulated in those low forms an enormous surplusage of unnsed 
energy which, in the npenuss of time, blossomed out into this and 
tlmt new and noble typo 

Of all the types of Vortebratn, there is none like the bird of high 
degroo for illustrating what Professor Huxley calls “tho threefold 
law of evolution,'’* namely, overgrowth of some parts, starvation and 
even death of others, and fusion of parts originally distinct. 

No kind of vertebrate whatever presents to the osteologist so hope¬ 
less an enigma in the adult skeleton as that of the bird; in tho 
oiergrowth of certain parts, tho abortion or suppresion of others, 
and the extensive fusion of large tracts of skeletal elements. 

Hence this Class has largely acted upon the morphological mind ; 
the “ Comparative Anatomist ” haB, of necessity, undergone evolution 
into the “ Morphologist,” and the lattor has had to be refined and 
developed into the “ Embryologist." 

In the bird class we meet with this remarkable phenomenon, 
namely, that the swiftest creatures by far that inhabit the earth have 
bail, for the purposes of their most consummate mechanism, the 
greatest loss of freedom of the individual parts of the skeletal frame¬ 
work 

Between the pigeon, on one hand, above, and the emeu, on the 
other, below, there are several families of related birds; but there is 
no direct superposition,—they aro obliquely above or below eaoh other. 

• See lne paper “ On the Application of the Law* of Kvolution to the Arranse- 
ment ot the Vertebrate, and mow especially of the Mammalia ” (* ZooL Boo. Proo.,* 
December 14,1884, pp. 640-682). 
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Amongst the Carrnat®, which lie in the intermediate space, there 
» none better for the purposes of study than the common fowl, to 
this type I hare devoted most attention, and havo now worked oat 
the limbs in as many stages as I formerly did the skull 

I oan now give an account of the verlel ral column with the nbt and 
sternum the limb girdUt and hinbt from the end of the seventh day 
of incubation by which time the hyaline cartilage is pa foot, and 
certain even of the bony tnu ts are begun 

The fowl is an intermediate form between the emon and the pigeon, 
bnt most akin to the latter I shall now confine niywlf to what is 
seen in the development of the skeleton (excluding the skull) iu this 
medium type 

The vertebral column at the end of a wetk s mentation is formed 
of hyaline cartilage, up to tho end of the true sacnls tin notochord 
is completely invested with cartilage bnt, behind those fonr segments 
only at the sides 

The notochord has its constrictions in the middle of each centrum, 
and is most dilated at tht intercentra 

The neural atches do not nearly meet above the atlas is in fonr 
pieces—a superficial and an inner pioce to tho centrum and a pair of 
arch rudiments, the inner segment of the centrum becomes the 
odontoid process of tho axis 

Between the axis and the first true sacral all the vertebra have 
separate ribs mthoiervical region, except near the dotsal region, 
there are Bmall styloid caitilsges lying horizontally, which have thoir 
head or thick end, wedged in between the upper anl lower transvorse 
processes Neai the dorsals they are transversely placed, and then 
begin to develop a doscen ling process 

The hrst vertebra of this stage with complete ribs becomes, by 
absorption of the lower part of the arch the last cervical in the 
adnlt Behind the twenty pre Bacrals there ate fifteen sacrals, and 
this senes has its subdivisions 

The first develops ribs (it is dorso sacral) the noxt three develop 
minute bnt distinct nbs, like those near the lower part of the neck, 
these are lumbo sacral Then oumo tho fonr sacrals with no riba, and 
then the seven mo sacrals tho first two of which have nb bars that 
oasify separately, below the upper transverse processes, which latter 
form a complete senes from the third cervical to the last free caudal 
segment 

Of those there are five then come five more paired unpti feet rudi¬ 
ments, clinging to the terminal part of the notochord 

At the end of the 8th day there are nx of these, with the last elon¬ 
gated, and the notochord projecting behind far enough for throe or 
fonr more rudiments 

At the end of the 10th day tho vertebral chain has undergone a great 



Prof. W. K Parker. 


56 Prof. W. K Parker. [Jan. 87, 

change The atlcu is still composed of four distinct pieoes of car¬ 
tilages, but the nbe have become fused above and below with the 
transverse processes, and the notochord is now most constricted at the 


xnteictntia 

Besides this, in the pre sacral r, it is constricted in two places within 
each centrum, so that each centrum in the modem bird corresponds 
to three subdivisions of this axial chord 

Poi two 01 th e days there is evidence of an archaio subdivision of 
the notochord into three times as man/ vertebral divisions as are made 
now in the modem bird 

In the sacral the constrictions are fewor, thoy are only at the inter¬ 
centra, and in the middle of tho centi tun 

The only absolutely ntcessaiy pait of tho sternum is that where the 
sternal nbs are attached, that ih a veiy small part, and the rest 18 
for the attachment of the Lugo muscles that act upon tho wings, and 
for the obliqui and rich abdominis 

Tho limb girdles aro each in thne pans of distinct cartxliges In 
front, tho siapulu, the imuule pre coracoid, the coiacwd, behind the 
ilium, pubis and ischium, tho pie-pubu u parloi the ilium, and that 
has two regions the pie ilium and the post ilium 

Thcso paits m tho bird are not continuous tiacts of cartilages, 
ossified by several centres, but ai e distinct, first ns cartilages, then 
as bmy tracts, those of the th adder keep distinct, those of the hip 
soon coalesco 

Tha wings at the end of the 7th day are three-toed webbed paws, 
with all the digits turned inwaids lhe iods that compose the main 
part of it aio composed of solid cartilage , the humerus, i culms, ulna, 
and 1st and 2nd metacarpals have a bony sheath lound thoxr middlo 
part, tho ends of the digito and the caipals are bnt partly ehondnhed 
I\ve carpal nuclei, howevoi, can bo made out, and tho two proximal 
nuclei aio known to be fuither subdivided, oaoh into two, in other 
typos, henoo we ean already account for seten oarpals m the bud, 
which has only two in the adult, in a freo state 

Moreover, the 1st digit has two, and the 2nd three phalanges, the 
normal number, as in beards, the 3rd, which should have four, but 
m birds has as a rule only one, his now two, as in the ostnch, and a 
few other birds, there is no sign at the eud of the 7th or even of the 
8th day of incubation of auy more than three digits, bnt we have in 
tho wiist an vUermedio radutir, a centralo ulnare, and thiee distal 
carpals, answering to the three developed motaeaipals The digits 
up to the end of the 8th day aie rounded and flattish, and are quite 
like those of a joung newt or frog But in two days more, at the 
end of the 10th day, tho wing has almost aeqmrod the adult form, 
and one more bony centre, that of the 1st metacarpal, has appeared. 
The overgrowth of the 2nd distal carpal and the 2nd metacaipal, 
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with ita large and dilated digit, has arrested the distal carpal of the 
1st or short digit, the “ pollex ” This u the last nucleus to chondnfy 
It is still a very small, limpet like disk of cartilage, and is now only 
to be seen on the flexor face of the manus, inside the top of the 2nd 
metacarpal, the distal cai pal of the 3rd ray is also small as compared 
with the large crescentic 2nd distal nucleus It is thrown on to the 
nlnar or outer side of the manus, bj the overgiowth of the middlo 
rod and its carpal The enrvo of the digits at their end ib now, not 
inwards, or to the radial side, bat outwards, and the two developed 
distal segments form now the core of two claws, that of the first, or 
pollex, being of considerable length 
Thus, by the end of the 10th day, the reptilian type of fore.foot 
has been attainod, and the amphibian type lost, whilst the hmb as a 
whole is now a fore leg no longei, but a u mg, thoroughly specialised 
by evolutional transformation 

Tho fore limb has not simply become modified into a wing by the 
shortening of the pollex and 3rd ray the enlarge ment of the 2nd, 
and the abortion of the 4th and 5th of a foie paw, like that of the 
luard, but we havo now the histjneal re] resent itnes of throe moie 
rays which have cropped up since tho end of the bth day 

I have repeatedly noticed that aborted parts, like overshadowed 
plants, are late to appear, and soon withei, or are arrested m their 
growth This is the cose lino, for the new Ttys are late small, and 
scarcely functional in the fnllest development They are not lost, 
however, bat, like eutam larval stinotnres to be found in the sknlls 
of the highest types of birds, they aie built up into the finished wing, 
although they form an unimpoitant part of it as far as functim goes 
The hist of thoso additional lays is the ‘ prc-pollex, this is a 
lunate tiaet of fibio oattilagu attachod to the tnuei face of the 1st 
metacarpal lhe othoi two aie composed of true hyaline cartilage, 
and appear, one on the ulnar side of the 2nd, and the other on the 
ulnar side ot tho 3td dovcloped metacarpal 
I havo described them as intercalary metaoarpals, for they seem to 
be the starved twins of the 2nd and ltd large rays each distal carpal, 
Very probably, in the archaic forms oarrud two lays Thus there is 
supposed, foi such a fore hmb, a digit inside the pollex of the modern 
bird, and then two pairs of rays, of which only the inner m each caso 
has been tetainod 

The paddle of Ichthyosaurus shows this kind of primitive cheuoptery- 
gram, admirably 

Thns we oan account foi seven oarp&ls and six digits in the wing of 
the modem bird, in the logs tho specialisation is not so intense, but 
is very great, the study of the embryonio stages shows in it many 
parts that the adult bird gives no signs of whatever 
Instead of there being even two tarsals, free and functional, there is 
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only one, and that has merely the function of a “ sesamoid,” and has 
been mistaken continually for a bone of that sort; that nucleus answers 
to our navtculare, morphologically termed the " oentrale.” 

Notwithstanding the extreme diversity in the habits of existing 
birds, and the groat difforonoe seen in their shank bone, this part is 
always single, although composed of throe metatarsals. As in reptiles, 
the joint at this part is not between the astragalus and tibia, as in 
mammals, but through the tarsal scries ; no sign of this strnoture is 
seen in the adult bird. That which appears to be tho condyloid end 
of the tibia is a row of tarsal bones, tho tibiale, fibnlare, and inter¬ 
medium; these have long been known as separate bones in young 
birds, bat their distinctness in tho early embryo as cartilaginous 
nuclei has only lately been made out. 

I have been able, however, to demonstrate this repeatedly in different 
kinds of birds. The oentrale also, although seen in the embryo as 
one of the tarsal series, was not properly identified; it is a constant 
element, bnt becomes degraded 

The distal series of tarsals exists as a singlo tract q£ cartilage, and 
then as a single pinto of bone. But it is related to three metatarsals, 
and the middle or thick part is the first to chondrify in the embryo, 
and to ossify in the chicken or young bird; there are here three 
connate nuclei, with vory slight signs of distinctness. The whole 
mass answers to our middle and external “ cuneiform bones,” and to 
the inner half of the “os magnum.” Thus five tarsals can be always 
made out dourly, and two more accounted for. 

The 1st metatarsal, which has been known, for some time, through 
the valuable researches of Morse, to have occasionally a proximal as 
well as a distal rudiment, has, I find, alwayi a proximal rudiment aa 
well. 

Then, as Dr. G. Banr and Miss A. Johnson have shown, there is a 
6th metatarsal; it is s small piRiform cartilage, whioh soon coalesces 
with the 4th, and with the great distal tarsal. I can only find a 
“ pre-hallux ” by tnrning to Teratology, and this is not the lawfal 
method. 

There may, however, be some “ reversion ” or “ atavism ” in the 
polydactyle foot of the Dorking fowl, which has a well developed 
“pre-hallux” and a doable “hallux;” the twin digits of that part 
have a very ichthyosaunan appearanoe. 
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“On the Computation of the Harmonic Components of a 
Series representing a Phenomenon recurring in Daily and 
Yearly Periods,” By Lieut.-Oeneral R. STRA.OHET, R.E., 
F.R.S. Received April 15,—Read May 13, 1336. 

1. 

Following the notation commonly used, the general expression for 
the harmonic components of the successive terms of a series repre¬ 
senting a periodically recurring phenomenon, observed at equal 
intervals of time, is— 

On =p u +p l cosnr+^, sin fu+pjCos2n*+g 2 sin 2 itz+dce., 

where a H is the observed value of any term in question, 

i is the angular equivalent of the time interval between the 
observations; 

n is the number of intervals from the commencement of the 
period to the time when the term a , occurs; 
p n is the mean value of all the terms for the whole period 
Then if A* represents tho sum of the terms in the above series which 
involve ns, 

B. the turn of tho terms involving 2tur, 

C« „ „ 3nz, Ac., 

a% = Po+A»+B, + C, + &o. 

Computation fur a Daily Period 

2 . 

For a daily period of 24 hourly intervals z = 15°, and consequently, 
A, = A„ +n ; 

B, — B„ + i, — —B w = —B. +] ,; 

C, = C» + * = — —0.+4 —- —C^„ ——C«+w; 

D»=D„ + , = D» +1 , = D* + i, = —P» + j =—D, + t =—D, f u = D» + ,i; 

whence, disregarding the terms involving multiples of » greater than 4 nz, 

d» — o»—a»+u — 2(A, + C»), 

and 

9n = d»—d»+*+d»+i = 2(A„—A«+4+A» +8 ) + 2(C»—C M+ 4+C» +t ) ; 
but 
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A» = p x cob (n. 15°) + sin (». 15*), 

A»+« = p x oos (n. 15*+60°) + ft sin (». 15° + 60*), 

A**. = p t cos («. 15°+120°) + q x sin (n. 15° +120°), 
and therefore 

A«— A^-f-A <+4 = 0. 

Wherefore 

0 , = 2(0.-C. +1 +C« +i ) = GC.; and C. = 

and A. = 

In like manner, 

S, = a»+a« M .ii = 2(p 0 +B* + D,), 


2, = S,-8..,. = 2(B,-B» +4 + D,-D, +t ) = 4B,; and B. = JS,, 
also 

«% = S»-|- Sutt — 2(p 0 +B, + B <+1 +D 1 ,+D« + ») = 2(po+2D s ), 

and 

ff »+» = S» +1 +S« + , = 2(p 0 —2D«), 
whence • 

<t« + ,*=s 8D«; and D, = 

The Ruccesaivo values of A, B, C, and D, thus obtained will give 
with a considerable degree of accuracy, the p q coefficients, and the 
entire series of harmonic components of the observed quantities. It 
will at once be seen that— 

Ao=J>i! B„=jv. C 0 = p s! D 0 =p 4 . 

A* = 2i; B, = ; C, = g s ; D x + D a = 2sin 60g 4 = {q it noarly. 

and Pi = K-K i ffi = K + K- 

Pa = i 2 o ’> la = i s »- 

Pa = <*i+^s) 5 ft *= 

Pi = K'o-'i) > 3< = TtC'i + <r, 


( 1 ) 
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3. 

Tho equations involving the harmonic coefficients, arising (tom the 
series of observed quantities, are usually solved according to the 
method of least squares; and, writing A L for (Jj — d u ), and for 
(i^+du), and so on, tho resulting values of p q thus obtained are as 
follows:— 

p x ss ^{do+^sinrS+A,Bin60+A 3 sm4 r > + A 1 sin30 - 
+ A, sin 15} 

q x = {d a +sin 15 + A, sin 30 + 3 a sin 45 + sin 60 

+ fi 5 sin 75} 

Pi = i , .{2 0 + (2i~2.) sin 60 + (2 j-S 4 ) sin 30} 

3j = (^+2,) sin 30+(2*+S 4 ) sin60} > (2.) 

J>s = i\{ e Q+(°i- d i) sin45} 

2s = -M^+Ctfi+O*) sin 45} 

P * = lMfo+ (V'l ~fi) ®in 30} 

2* =11(^1 + ^) sin GO. 

To these may be added 

Pi = Vx{di ) +A l 8inl5 — A a sinG0—A 3 sin45 f A t siu30 

+ A 6 sin 73}, 

j 6 = tV{^s+ 5 i sin75 + * a sin 30—£jsin45 —Sjsin 60+5, sin 15}, 
Pc = M+*<-*ih 
2. = 8V{5i-2, + 2 4 }, 

j> 7 = A 1 sinl5— A J siu60 + A s sm45+A a sin30 

—A, sin 75}, 

27 = x*f{ — dj+^sin75— *,sin30—o 8 sin 45 + ^ sin 60 

+ <,sinl5}, 

i>8 = tt{ Oo+^a) - ( ff i + <Y+«V+ ff») sin 30}, 

2s = i’i { (*i+° i) “ ("a+<r 6 )} sin 60. 

4. 

The values of the p q coefficients may, however, be obtained 
otherwise, in a form which is somewhat simpler for computation, and 
not sensibly less accurate. 
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Since A, =p, oo8til5 e + g 1 sm«15*, 

A) = J»i, and Aj s= q v 

and potting [Ai, A,] for the snm of the senes of quantities A, to A, 
and [cos 75, cos 15] for tbo sum of cos 75 + cos 60+cos 45+cos 15 it 
follows that 

[Aj, A,] = pjfoos 75°, cos 15°] + 3l [sin 15°, sin 75°], 

[A* A u ] = —p,[cos 15°, cos 75°] + 5 1 [wn 75°, sin 16°], 

and 

A 0 +[A! A t ]—[A 7 , A u ] = Pi{l +2[sm 15°, sm 75°]} = 7 5956^, 
A fl + [A U A 6 ] + [A 7 , A„] = 5l {l + 2[sm 15°, sin 75°]} = 7 5956 }l 
In like manner, 

«o+[»i+R ]-[B 4 +B fl ] =p i {l+2[sm‘)0+sm60]} = 3 732 Pj 
Bj+rBi+BO + ^+BJss q {l + 2 l r «m30+sin60]} =3 7322 2 
O 0 +C, -C 3 = P,{1 + 2 sin 45°} = 2 4142p„ 

Cj + O g + C 3 = ? ,{1 + 2 wn 45*} = 2 4H2 53 , 

D 0 +Di —Dj «ip 4 {l + 2 sin 30} = 2J3*, 

Dj+Dj = j 4 2 sin 60 = 1 7 3215 4 

Substituting for A, B, C, D, their values in terms of d, A, t, Ac, 
we have— 

7 505 bp, = *{<*o + l>i. A.] f *(00+0!-^)}, 

7 5956 3l = i{d,+[« lt *,]-*«>i+0 g +0,)}, 

3 732P* =i{2 0 +[2i + i 3 ]-[2 4 +2 ( ]}, 

3 732 9j =i{2a + [2i+2i] + [2i+2]}, 

2 4l42p 3 = M,+*i-0 3 } = i«, 

2 4142 2 , = *{* 1 +0 a +0 3 } = * /Jj 

*P* = M'f'O+'I'l-'I'i}, 

1 7321 24 = H^ + ^} 

And 
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p,^-06588{d,+[^, *,]+$.}, 

2. * •0W83{d e + [8 1 , M-i/9}, 

P% = •06699{S 0 +[S 1 +S 3 ]-[2i+S l ]}, 

2t m -06699(2, + ft •+ Xj + ft+S,]}, 
p, * -oesoiK+^-o,} = •06904(M,+A 1 ;]-.|>, I a,]} = 
q t = •O69O4(6 l +6,+0,} = 06904{[a„ *]-[«,+<U} = /9, 

Pi = M+o+'hx-'K} - 0625 (^ 0 +^-^}, 
ft = 07217{*+* # }. 

The expressions before given for p„, g„ and p„, g 9 , are very readily 
computed, the multiplier for q t , -j 1 , sin 60 = ‘07217, being the same 
as that for q v 

The computation of p t , g 5 , and p 7 , q 7 , may be rendered somewhat 

Pi = A(2d;+A 4 )+102(A 1 +A O-A, 

Pr = A(2d o +AJ + '059(A l + 2A a -A 8 )-p 11 

3. = *<S*+V+-102(« l +*)-i 1 , 

27= -A(H+*j)+ 059(« 1 -2a # -«,) + j 1 . 

8. 

Assuming that the probable errors in the observed quantities aro 
all equal, and that (o) represents the error in a pair of observations 
combined (corresponding to the quantities (d) and (*)), then the 
probable error of all the p, q coefficients calculated by tho formula 
(2) will be * ^(6) .» = -204 e. 

The probable errors, calculated in tho manner now proposed from 
equations (3), will be,— 

Probable error of p x or q x = 06583/(12). e = -238 e, 

„ pt or q 3 = 06699/(10). e = 212 e, 

„ p t or q t = -06904/(9) . e = 207 e, 

„ p t =*/(12 ).e = 216 e, 

„ g 4 = 07217/(8). e = 204 e. 
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The results obtained by the two methods of calculation will there¬ 
fore have no sensible difference of accnraoy, and as the method now 
proposed is believed to be both simpler and less liable to arithmetical 
error it may without objection be preferred. The preliminary com¬ 
putations on both systems, consisting of combinations of the observed 
quantities by addition and subtraction, are identical up to a certain 
point, bnt the formnlte (2) involve more frequent use of tables, and 
greater chanoe of error iu algebraical signs, in the final operations. 
It may be added that much additional labour is often needlessly 
created by employing the hourly differences from the mean value, 
instead of the hourly values themselves, which are obviously sufficient 
for the computation of the oooffloients. 

The probablo errors of the values of the coefficients obtained from 
the equations (1), will be sensibly larger than those above stated, and 
on the same assumptions will be as follows:— 

For p! and | ^(3) . e = •577<% 

„ and 7a = $^(2) . e = -371e, 

„ ^ and 9, — jV(3) « = 289e, 

,, Pi — i e = 250e, 

?4 -}•/(-) • <• = 202e 

Tho probable error of a pair of observations being rather less than 
Jtbs of that of a single observation, tho greatest possible error of the 
coefficients thus fonnd will only be about ^ 0 ths of the probable error 
of one of tho original observations, and when great precision is not 
aimed at the results thus obtained may snffice, and will not be fonnd 
to differ materially from those got by tho more tedions methods of 
calculation. 


If tho original expression for the value of a, is transformed into 
the series 


— y\j+Pj (sin »ht + Tj)+Pg (sin 2 h*+Tj) + do., 

it follows that P x = -/(p^ + g x *); tan T x = p } /q lt and so with all the 
other terms of the senes 

The most convenient method of computing the values of P x and T x 
is as follows:— 

log tan T = log p —log q ; 
from this log sin T may at once be obtained, and 
log P =p— log sin T. 
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The quadrant to which the angle T belongs will depend on the 
algebraical sign* ot the coefficient* p q, and the following table (in 
wbieh t ia the angle corresponding to + p, +q) shows the oases that 
ms f arise. In it are also indicated the positions of the earliest 
ot the several harmonic components. 



Value 

and position 

«5r. 

Position of earliest ma 

iimum of components. 



First order 

Hooond order. 

Third order j 

Fourth order 

+p 

+f 

T -4 

0° to 90° 

#*i-90*-4 

0“ to 90° 

/tf m 45°—14 

0° to 46° 

Ps-30“-|4 

0° to 80“ 

p 4 -mj “-*/ 

(f to 224 * 

-p 

+f 

T -tOO-t 

270*10 380° 

Pi-*»° + 4 

90° to 180° 

rt-45“ + i4 

45° to OOP 

*-30"+*4 

80“ to 60“ 

Ps — 22J°+ J4 
22J » 40“ 

-p 

-t 

T-180 + 4 

180* to 270“ 

Pi “ 270°—4 

ISOr’ to 270° 

Pi “ 135°—Ji 

90° to 135* 

*-0OP—J4 

60“ to 90° 

P4-071°-i 4 
45° to 874° 

+p 

-t 

T - 180-4 

90“ to 180° 

Hi — 270° + 4 

270" to 360° 

*-135“ + 44 

135° to 180“ 

Ps-SW+K 

90° to 12QP 

p« — 074°+ 44 

G74° to 90° 


7. 

The foregoing discussion assumes that tho series of quantities dealt 
with is truly recurrent, that is to say, that the 25th observation will 
be exactly coincident with the 1st, or % = a u . In fact this will rarely 
be the case, and it becomos necessary to ascertain what effect any 
non-period ip change, or want of coincidence between the beginning 
and end of the series will have on tho values of the several p q 
coefficients. • 

In the absence of any knowledge of the law which determines snch 
a non-periodic ohange, it may be assumed to be uniform for the 
period over which the observations extend. Farther it will be con¬ 
venient to refer the change to the middle of the period, or to tho mean 
value of the series with reference to which the periodie variations are 
being considered, so that the*non-periodic deviations will be equal 
and affected by opposite signs, at equal intervals on either side of the 
middle of the period. 

Henoe assuming that 2c is the whole non-periodic ohange with its 
proper sign, so that Oq+Zo = u H , the correction of any observation 
a» in order to eliminate the non-periodio change which affects it, will 

t 2 
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be ^12—n)e; and the oorreotione of the quantities d, 0, X, and y- 
are all equal to +u, thoae of A being 0, and of l being +2c. 

The correction for tho mean value p 0 will be This is equiva¬ 
lent to calculating the mean for the 24 hoars, by adding together 
half of the 1st and 25th observations and the whole of the 23 inter¬ 
mediate ones, and dividing the sum by 24. This mean will corre¬ 
spond to the middlo of the series, noon. As commonly calculated the 
moan corresponds to half an hour before noon if the series is supposed 
to begin with midnight, and to half an honr after noon if it begins 
with 1 a.m. It is to be regretted that meteorologists have not yet 
adopted any uniform system in theso rospoets. 

The correction for the p q coefficients as determined from the 
equations (2) will be as follows:— 


For ft ... 


„ ft... 

. +‘311c. 

9s--- 

. +-201c, 

>• 9t - - - 

.. +‘144c. 

Por the values obtained from 

For p 0 .. 

■■ iV. 

,, Pi--' 

-ffjx-06583, 

V% - • 

.. +ox 06699, 

» PS” 

.. -f-cx-06904, 

» Pi * * 

.. +-tV- 


For +‘112ei 

,, ? 8 . + -083o, 

i. 97 . + 064o, 

.. 9s. +-048c. 

equations (3) they will be—• 

For ft... +10ox -06583 = -668e, 
„ ft... + 5ox-06699 = -335e, 
„ ft... + Sox -06904 = -207c, 
„ 2ex07?17»-144c. 


8 . 

As it may happen that the values of the initial observation and of 
that corresponding to the hour immediately after the end of a series 
of mean hourly values, are not known, an approximate value of 2c 
may be obtained either graphically or by calculation as follows:— 

If the mean values for two or throe hours preceding midnight, say 

• As the multipliers are hero the same u thoae which enter into the expressions 
(S), the corrections may most conveniently be applied to the quantities within the 
brackets in those expressions. 
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from 81 hear* to 83 hours, be laid down graphically, and to the right 
of them the mean values from 0 hours to 2 hours, the ordinate of 
0 hours being made coincident with that of 24 hours, the curves drawn 
through the points thus fixed would, if prolonged to moot one 
another, be continuous if there were no non-pcriodic disturbance. I f 
they are not thus continuous half tho distance between them measured 
on the ordinate of 0 hours will be the quantity o. 

The value may be obtained by calculation, perhaps with less 
trouble. Aasnmmg that the third differences of the quantities (a) 
will vanish, when freed from the non. periodical variation; and that 
the oorreoted senes of observed values immediately before and after 
midnight is Ogj—JJc, (« 2t —c) or ((^+0), a t + {Jc, a 2 + {flr j 

and 

®iU + a o = 2o = $ («il+«i) ~ J (“u+“s) ~ 2a o. 

0 = £{ 2 (“2S + l) — K a S 2 + “j) ) — “fl¬ 
it may also be noticed that when a series of mean valuoB for several 
days is being dealt with, the quantity 2 c will be the difference between 
the first observed value and tho value for the hour immediately 
following the laBt of tho senes, divided by tho number of complete da} s 
in the Berios. 

Compulation for a Yearly Period. 

9. 

The computation of the harmonic components of a yearly series of 
805 daily values, or of 73 five-day mean values, such as are now usually 
calculated for the principal meteorological elements, would bo 
extremely laborious if conducted in the usual manner, and it is there¬ 
fore desirable to contrive Bomo approximate method which shall not 
involve excessive arithmetical operations. For meteorological pur¬ 
poses tho following mode of procedure will, it is believed, supply what 
is needed, and it may possibly bo employed conveniently in other 
cases. 

When the number of tho terms of a series is exactly divisible by 
2, 4, 6, and 8, it will be readily seen that tho new method of computa¬ 
tion proposed in the case of a daily series of 24 hourly terms, will be 
applicable in its general form ; all that is necessary by way of modi¬ 
fication being the introduction of suitablo changes in the combination 
of the terms, and the adoption of other multipliers in place of those 
given in the equations (3). 

The series of five-day means for a year consists of 73 terms, and 
the above-mentioned condition is therefore not directly ooinpliod with 
by it. It may, however, be easily transformed by interpolation into 
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a series of 72 terms, which will comply with the conditions, in the 
following manner:— 

If the original series of the 78 five-day means be represented by 
the nnmbers (0), (1), (2), (3), Ac., .... (72), it will be apparent 
that tho first term (0) corresponds with noon of the 3rd day of the 
year, the subsequent terms following each other at five-day intervals. 
The new interpolated series of 72 terms should begin at 0 hoars o< 
the 1st day of the yoar, and will be designated by tho numbers 0,1, 
2, 8, Ac.,.... 71. Then if T 0 and T_j represent, respectively, the 
mean for 24 honTS of the first day of the year under computation, 
and the last day of the preoeding year, the interpolated series 
will be— 

0 = iCTo+T-,), 

1 = i((0) + (l))+*((l)-(0)) = (0)+«((l)-(0)>, 

2 = K(l) + (2))+V,((2)-(l)) = (l) + tt((2)-(l)). 

3 = *((2) + (3)) + *((3)-(2)) = (2)+«((3)-(2)), 


35 =i((34) + (35))+f|((.35)-(34)) = (34) + H((35)-(34)X 
30 = i((35) + (36))+«((36)-(35)) = (36), 

37 =(37)+ *((38)-(37)), 


71 = (71)+**((72)-(71)). 

Moreover, fora series of 72 terms the value of t in the fundamental 
equation will be 5°; and designating the sums of the ooeines and 
sines, respectively, of the successive multiples of z between i and nz by 
[cos 45° to 85°], and [sin 45° to 85*], and applying a similar notation 
to the quantities before designated by the senes A, B, 0, D, we shall 
have— 

[AjtoA ]7 ] = pj [cos 5° to 85°] - 9 i [sin 5° to 85°] = 10-95188(p, + g ,)» 
[A 1 ,tpA»] = 10-95188(-p l + gi ). 

[BjtoB,] s=Pj[oosl0°to80 0 ]— g9 [sinl0°to80 o ] = 6 - 21503(p, + gi ), 
[B 10 toB I7 ] = 5-215O3(-p 8 + g ,), 

[Oj to 0,] = pt[ cos 15° to 75°] - gs [sin 15° to 75°] = 3'29788(p 1 + q t ), 
[C r toC n ] = 3-29788(—p,+ g »), 

[D 0 to DJ - [Djto D,] = Pt { 1 + 2[oos 20° to 80°]} = 5-75877^4, 

(Di to D,] = 2 q£mn 20° to 80 8 ] = 567128 gi 
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Substituting for tbe quantities A, B, C, D, thoir values in terms of 
tbs series of 73 five-day means, we obtain after redaction the values 
of the p q coefficients. In the roduoed expressions the following 
symbols are employed:— 

[(0) to (5)]+[(6?) to (72)] = 2 t [(0)to (5)]-[(67) *>(72)]=^. 
[(6) to (8)] + [(64) to (66)] = 2j Corresponding difference =A p 


[(9) to (H)3+ [(61) to (63)] = 2j „ „ =A» 

[(12) to (17)]+ [(55) to (60)] = 2, „ „ »A*, 

[(18) to (23)]+ [(49) to (54)] = 2 S „ „ =A„ 

[(24) to (26)] + [(46) to (46)] = 2, „ „ =A„ 

[(27) to (29)]+ [(43) to (45)] = 2, „ „ -A* 

[(30) to (35)]+[(36) to (42)] = 2g „ „ =A» 

[(0) to (8)]+ [(69) to (72)] = 2,, 


[(5) to (12)]+ [(60) to (67)] = 2 10 , 

[(14) to (21)]+ [(51) to (58)] = 2 n , 

[(23) to (30)]+ [(42) to (49)] = 2 lt , 

[(32) to (36)]+ [(37) to (40)] = 2 l$ . 

= (*) + (72-n). 8. - («)-(72-n) 

And let (* (T o +T_ 1 )-K(0) + (72)))= K, 
then 

43 , 807S3pi = (1-Vr){[2i to **]—[*. to^l+K-'n+^s) 

+i.+K-(36), 

46-807533! = (l-A)!^ to 

46'72071p| = (1 -*){ [2A] - [2, to 2,] + [2,2*] } 

+&{ ff ss—3<r 8 + 5<r 8 —7 <tjj}+K + (36), 

45*720713} = (l-*){[Aj to AJ-[A, to A 8 ]} 

+ i {~ *17 ~28 0 +38j|}, 

«=45-57452p, = (l-A){2i-[2. to 2 4 ] + [2 ( to 2 7 ]-2 8 } 

+ A l — »+3 — 6 *+7 <r 4 —9<r, 8 +11 ^ }+«K — (36), 

/9=46-574523 8 * (l-A){[A t to A 8 ]-[A 1 A,] + [A # to A,]} 

+i{8 M -28 n -36 0 +48 u -58 l8 }, 
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40-O7O16p 4 = (1-*){S,-S I0 +S 11 -x u + 

+^{ <T 4 —3<f U +5«»—7# n }+K+(86), 

4S-37025 ?1 = (l-AJiCW-tSsSj + ES,^]-^]} 

+M-«s 4 +2i 17 -3« 8 -«o+5\-6« 1B +7i„}. 

The reciprocals of the numerical coefficients of the several p’s and 
q’a in the above equations will be the multipliers of the quantities 
represented by the nght-hand portions of those equations, which will 
be obtained by suitable combinations of the five-day means. The 
multipliers are— 

For and 0 X . *02188 = m, 

„ and q 3 . *02187 = t»(l + *002), 

pjandjj. *02194 = «i(l +*005), 

„ Pi . *02173 = m(l—*005), 

„ . 02204 = m(l +*01). 

A tablo calculated to give multiples of the quantity *02183 will 
evidently suffice for the othor coefficients, with thB small corrections 
shown above. 

To provide for cases (which aro likely to be frequent) in whioh 
the series of terms is not truly recurrent, corrections similar to those 
required for tbo 24-term senes must be applied. As before, repre¬ 
senting by T 0 and T.j respectively the mean values for the first day 
of the period under computation, and tho last day of the precoding 
year, and by f 0 and t_ x respectively tho mean values for tho first day 
of the following year and the last day of the year under computation; 
the quantity that must be added to the first term of the senes of 
72 terms, corresponding to the initial midnight of the year, to make 
it equal to the first term of the next yearly series, will be 2c = 
^(<0+f-i)—KT o+T.j), and it will bo found that the corrections for 
the several p q coefficients will bo as follows:— 

irp, For jj .... 31£cx«* =s *684c, 

, pt .... «Xm(l + *002), „ q t .... 17 e Xm(l + *002) = *372c, 

, Pt .... cx»(l + *005), „ q s .... 11 cx«i(l + *005) = *241o, 

, p 4 - sxm(l—*005). „ 04 - 8 exm(l+*01) = *176c. 

For p„, or the mean of the whole Berios,,... = -foe. 

A similar method of computation might he adopted is the oase of 
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a yssrly period of 365 day*, which oould be transformed by interpola¬ 
tion into a series of 860 days, eaoh term of which wonld correspond 
to days days. Bnt the irregularities of a series of duly 

quantities, in meteorological discussions, would be so great, even when 
dealing with the mean of many years, that no practical advantage 
would be obtainod by employing such a series; the computations 
would be more troublesome, and the five-day means will be pre¬ 
ferable. 


The annexed Forms arc proposed as supplying methods of computa¬ 
tion from the formulae oontained in the foregoing discussion, which 
shall involve the least praoticablo quantity of arithmetical operations. 

Form 1 differs little from what is believed to be the ordinary 
method at present. It requires tables of multiples of the sines of 
15°, 45°, 60° and 75°. 

Form 2 is for the proposed now method of computation. It 
requires tables of multiples of the Bpecial multipliers applicable to the 
several orders of harmonic coefficients. 

Form 3 requires no comment except to mention that the value of 
the angles which correspond to the hours of maximum /» will facilitate 
tho graphic representation of the soveral components, and appoar to 
characterise them bettor than the angles T. 

Forms 4 and 5 call for no special remark. But they indicate the 
degree of divergence that exists between the approximate values of 
coefficients obtained from them, and those got by the more exact 
methods. Tho figures employed are the mean hourly temperatures 
for one year for the month of June, at Greenwich. If the mean 
values for a series of years had been dealt with, the results would not 
have differed one with another by so much as one-tenth of a degree 
Fahrenheit. 

Form 6 shows the method of computation from 73 five-day mean 
values. The figures employed are moan temperatures at Klmigsberg 
for 24 years (taken from Bessel’s paper, the translation of which is 
given in the ‘ Quarterly Weather Report' of tho Meteorological Office, 
Part IV, 1870, page [29]), which were selocted in ordor to tost the 
agreement of the rosults with those given by Bessel, calculated by 
the method of least squares. The values of the coefficients by the 
two methods are virtually identical with the oxoeption of pj, in whioh 
I feel satisfied that some error has been committed in Bessel’s calcu¬ 
lation; to verify this, however, would involvo a very tedious com¬ 
putation which I have not thought it worth while to undertake. It 
should be observed that Bessel’s coefficients, being calculated with 
reference to a period commencing with tho first of tho five-day means, 
that is noon on the 3rd day of the year, have to be modified to adjust 
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them to a period commencing with the initial midnight of the year. 
In order to render the form oumplete, aa a type of the proposed 
system of computation, values for the first and last days of the year 
have been interpolated, and a small non-periodioal correction has been 
assumed to be required; but these have no practical effect on the 
numerical results. 

For this computation a table of multiples of the multiplier (m) is 
required, and to save trouble a table of multiples of has also been 
drawn ont. 

Notk.— The Tables referred to will be printed by the Meteorologioal 
Office. 



Form 1.—Computation of Harmonic Coefficients of the First Four Orders, in the Fnrmp 










I to tables prepared for tbe ; 
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February 3, 1887. 

Professor STOKES, D.O.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
tor them. 

The following Papers were read:— 


I. “On the Waves produoed by a Single Impulse in Water of 
any Depth, or in a Dispersive Medium.” Bv Sir W. 
Thomson, Knt, LL.D., F.R.S. Received January 26,1887. 

For brevity and simplicity consider only the case of two-dimeneional 
motion. 

All that it is necessary to know of the medium is the relation 
between the wave-velocity and the wave-length of an endless proces¬ 
sion of periodic waves. The result of our work will show us that the 
velocity of progress of a zero, or maximum, or minimum, in any 
part of a varying group of waves, is equal to the velocity of progress 
of periodic waves of wave-length equal to a certain length, which may 
be defined as the wave-length in the neighbourhood of the particular 
point looked to in the group (a length which will generally be inter¬ 
mediate betwoen the distances from the point considered to its 
next-neighbour corresponding points on its two sides). 

Let/(m) denote the velocity of propagation corresponding to wave¬ 
length 2r/\. The Fourier-Cauchy-Poisson synthesis gives 

w = f *dm cos m[a—f/(m)].(1) 

Jo 

for the effect at place and time (*, t) of an infinitely intense disturb¬ 
ance at place and time (0, 0). The principle of interference ae set 
forth by Prof. Stokes and Lord Rayleigh in their theory of group- 
velocity and wavo-velooity suggests the following treatment for this 
integral:— 

When x—tf(m) is very large, the parts of the integral (1) which lie 
on the two sides of a small range, ft—m to ft+m, vanish by annulling 
interference; ft being a value, or the value, of m, which makes 

.(8) 
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to that ws hare * ** i{f(p) +pf(p )} =* yt, (8) 

whm y -/WWW* W 

and we hare by Taylor s theorem for «t —p very email 

m[e-</(m)] *= rf—*/W]-4«[*/ W+2/ (1) 

Or, modifying by (8) 

«0-*/(«)]=<W/W+*[W W-a/WK—fW («) 

Put now *“* = ^F^PTTOOl* (7) 

and naing the result in (l) we find 

_ y2r> oo» l> g /W+««J 
“ “ <*[-*/00-2/W]‘ (8) 

the limits of the integral being here — oo to oo because the denomi 
nator of (7) is so infinitely great that though ±* the arbitrary 
limits of m—fi are infinitely small * multiplied by it is infinitely 
great 


Now we havo cos a 2 = J“JLa sin <r s = ./(£*■) (9) 


Hence (8) becomes 

oos[^/(^)3-suir^/W] 

*[WW-8/W]* 


**[-,/ 00 - 2 / 00 Y 


To prove the law of wave length and wave velocity for any point 
of the group remark that by (8) 


tp*f 0 *) = M>-*/ 00 ] 

and therefore the numerator of (10) is equal to */2 oos $ where 


* = ,[*-*/(„)]+iv (10) 


and by (2) and (3) |-{^[«-t/0*)]} =0 


by whioh we see that 


dejdx = »nd dejdt = —pf(p) (10 ; 

whioh proves the proposition 
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JBsompZ# (1).—A» a tint example take deep-sea waves? we have 

iw-v/fr.< u > 

which reduces (4), (3), end (10) to 

»=i v / ^. <1S> 

Mid (18) 


—£ii(° o, £ +,in £) m w co '(£-i)’ ■ <M) 

which ie Cauchy and Poisson's result for plaoes where as is very great 
in comparison with the wave-length 2r/p, that is to say, for plaoe and 
time such that gfi/4a is very large. 

Example (2).—Waves in water of depth D: 

wVlii^).<“> 

Example (8).—Light in a dispersive medium. 

Example (4).—Capillary gravitational waves: 

/C») = a/(^+ T w ).< lfl > 

Eaample (5).—Capillary waves : 

/(«)=✓( Tm).(17> 

Example (6).—Waves of flexure running along a uniform elastic 
rod: 

/(m)=m <v /?,.(18> 

where B denotes the flexural rigidity, and w the mass per unit of 
length. 

These last three examples have been taken by Lord Rayleigh as 
applications of bis generalisation of the theory of group-velocity; and 
he has pointed out in his 11 Standing Waves in Running Water" 
(London Mathematical Society, December 18, 1888) the important 
peculiarity of Example (4) in respect to the critical wavs-length which 
gives minimum wave-velocity, and therefore group-velocity equal to 
wave-velocity. The working out of our present problem for this case, 
or any pase in which there are either minimuma or maiimnms, or both 
maximum* and minimnms, of wave-velocity, is particularly interest- 
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ing, bat time does not permit its being inoladed in the p r eeent oom- 
municstion. 

Tor Examples (5) and (6) the denominator of (10) ie imaginary; 
and the proper modification, from (7) forwards, gives tor these and 
anoh oases, instead of (14), the following;—' 

• • • • <“> 

The result is easily written down for each of the two last oases 
(Examples (5) and (6)]. 


H. “On the Formation of Coreless Vortices by the Motion of a 
Solid throngh an in viscid incompressible Fluid.” By Sir 
W. Thomson, Knt, LL.D., FJLS. Received February 1, 
1887. 

Take the simplest case: let the moving solid be a globe, and let 
the fluid be of infinite extent in all directions. Let its pressure be of 
any given value, P, at infinite distances from the globe, and let the 
globe be kept moving with a given oonstant velocity, V. 

If the fluid keeps everywhere in oontaot with the globe, its veloqity 
relatively to the globe at the equator (whioh is the place of greatest 
relative velocity) is (V. Hence, unions P > fV 8 ,* the fluid will not 
remain in oontaot with the globe. 

Suppose, in the first plaoe, P to have been > JV*, and to be 
suddenly reduced to some oonstant value <{V*. The fluid will be 
thrown off the globe at a belt of a certain breadth, and a violently 
disturbed motion will ensue. To describe it, it will be convenient to 
speak of velocities and motions relative to the globe. The fluid must, 
as indicated by the arrow-heads in fig. 1, flow partly backwards and 
partly forwards, at the place, I, where it impinges on the globe, 
after having shot off at a tangent at A. The hack-flow along the 
belt that had been bared must bring to E some fluid; and the free 
anrfaoe of this fluid must collide with the surface of the fluid leaving 
the globe at A. It might be supposed that the result of this oolliaion 
would be a “ vortex sheet," which in virtue of its instability, would 
get drawn out and mixed up indefinitely, and be carried away by the 
fluid farther and farther from the globe. A definite amount of 
kinetio energy would be praetioally annulled in a manner which I 
hope to explain in an early communication to the Royal Society of 
Edinburgh. 

But it is impossible, either in our ideal iu viscid incompressible 
* Tbs density of the fluid is taken ae unity. 
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fluid, or in % real flnid such as water or air, to form a vortex 
sheet, that is to say an interface of finite slip by any natural 
notion. What happens in the oase at present under consideration, 
and in every real and imaginable case of two portions of liquid 
meeting one another, as for installoe a drop of rain falling 
directly or obliquely on a horizontal surface of still water, is 
that continuity and the law of continuous fluid motion become 
established at the instant of first oontact between two points, or 
between two lines in a class of cases of ideal symmetry to which our 
present subject belongs. 

An inevitable result of the separation of the liquid from the solid, 
whether our supposed globe or any other figure perfectly symmetrical 
round an axis and moving exactly in the line of the axis, is that two 
ciroles of the freed liquid surface come into oontact and initiate in an 
instant the enclosure of two rings of vacuum (G and H in fig. 2, 
which, however, may be enormously far from like the true configura¬ 
tion). 

The “ circulation ” (line-integral of tangential component velocity 
round any endless curve encircling the ring, as a ring on a ring, or 
one of two rings linked together) is determinate for each of these 
vacuum-rings, and remains oonstant for ever after: unless it divides 
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itself into two or more, or the two first formed unite into one, against 
which accidents there is no security. 

It is conceivably possible* that a coreless ring vortex, with irrota> 
tional circulation round its hollow, shall be left oscillating in the 
neighbourhood of the equator of the globe; provided (fV*—P)/P be 
not too great. If the material of the globe be viscously elastic, the 
vortex settles to a steady position round the equator, in a shape 
perfectly symmetrical on the two sides of the eqnatoreal plane; and 
the whole motion goes ou steadily henoeforth for ever. 

If (|V*—P)/P exceed a oertain limit, I suppose coreless vortioes 
will be successively formed and shed off behind the globe in its 
motion through the fluid, incessantly. 


* If this ecaesivaUs possibility bs Impossible hr s globe, it is oertainly possible 
for some ols s ss s of prolats figures of rsrolatios. 
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ID “On I*roterc#wu* Spenm (von Meyer) 1 * By EL G 
8 must, F R 8, Professor of Geography in King** College, 
London. Received February 8,1887 
(Abstract) 

The author gives an aooonnt of the scientific history of Protero- 
saurua, and states the interpretations of its structure given by Cuvier, 
von Meyer, Sir R Oven, and Professor Huxley 

In Part II he describes the type specimen in the Museum of the 
Royal College of Surgeons In the skull characters are given of the 
cerebral cavity, the supra-occipital, parietal, frontal, pro frontal, 
na sa l, and premaxillary hones A restoration is made of the skull and 
the teeth are shown to be anohylosed to the jaw On the palate tbs 
vomer, palatine, and pterygoid bones are described and shovfri to have 
all been armed with minute teeth The pterygoid bone was strongly 
united to the quadrate bone The lower jaw and hyoid bones are 
also described 

In the vertebral oolumn a description is given of the seoond to the 
seventh cervical vertebra, of sixteen dorsal vertebra, two sacral 
vertebra, and twenty three caudal vertebra 
The femur tibia and fibula and foot are also described The skin 
is found to have been defended with a bony armour 

In Part III comparison is made between the type and other 
specimens which have been referred to it with the result that some 
are regarded ss indicating different species while others indicate 
different genera 

In Part IV a oompanson is made to show the resemblanoes of 
ProterosanrnB with other reptiles m the several regions of the 
skeleton, with the result that the Proterosanna is regarded as a 
distinct division of the Eeptilia, showing resemblanoes to many of 
the highly specialised orders and to some low types 


Pretenit, February 3 1887 

Transactions 

Baltimore —Johns Hopkins University Studies in Historical 
and Political Scienoe Fifth Senes Nos 1-8 8vo Baltimore 
1887 The University 

Chnstiams —University Om Humaniaten og Satuikeren Johan 
Launmberg 8vo Okruttama 1884, Antuoos, erne Konst 
arobsologisohe Untersuchung 8vo Ohruhama 1884, Labs 
Kiateraog Lavastremme 4to Knttuuua 1886, Norgss Vaext- 
f nga Bud L 4to Chrutxama 1885 The University 
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1887] Presents 

Transactions (eotUtnu ed) 

Eastbourne —Natural History Society Transactions Yol I 
Farts 9-10 8?o Bastboume 1885-86 Tbo Society 

London —Sanitary Institute Transactions Vol VII 8ro 
London 1886 The Institute 

Pans —ficole Normale Supineure Annales Annie 1887 No 1 
4to Fans The School 

Pesth ■—Magyar Tudominyos Acadimia Almanaoh 1885 Arokseo 
logiai Ertesitd 1884, Kotet IV 1885 Kotet V Ssim 1-2 
Bulletin 1884-85 1 3 Emllkbessidek Kotet II Ssim 8-10 
Kotet III Ssim 1 2 Ertekesesek (Nemsetgasdasig) 
Kotet II Siam 0 Ertekoslsek (Nyelvtudominyi) Kotet XI 
Ssim 11 12 Kotet XII Ssim 1 5 iLrtekeseeek (Matho 
matikai) Kotet XI Ssim 1 9 Prtekeslsek (Tarsadalmi) 
Kotet VII Ssim 8-9 firtekeseeek (Termlssettudominyi) 
Kotet XIV Ssam 1 8 £rtekesieek (Tortinettndominyi) 
Kotet XI Ssim 7 10 Kotet XII Ssim 1-2 4 JLvkdnyv 
1884 Vol 2 lLvkonyvei Kotet XVII No 2 Legtuneti 
fissleletek Kotet II Mathematikai is Termiss firtemtd 
Kotet III Fuset 1 5 Mathematikai is Termiss Kosle 
minyek Kotet XVIII Kotet XIX Mathematisohe and 
Naturwissensohaftliohe Benohte Bd U Nyelytudominy 
Kosleminyek Kotet XVIII Fuset 2 3 Kotet XIX Fuset 1 
Repertonum Kotet I Ross 1 Ungansohe Revue 1885 
Heft 1 7 Prtesit0]e Kotet XVIII Szim 3-7 Kotet XIX 
Ssim 1 2 Konig Bgyenletek 8vo Budapest 1885 Alsi 
Magyar binyamtfveleslnek tortinete Kotet I 8vo Budapest 
1884 Rlgi Magyar Konyytar Kotet II 8vo Budapest 1885 
Bartfai Konyvtir 8vo Budapest 1885 Vizlatdk as Akadi- 
mia 1831-81 8vo Budapest 1881 Magyarorssig II Jdssef 
Koribau II 8vo Budapest 1884 Monuments Oomitiorum 
Transsylvanue Kotet X 8vo Budapest 1884 Monuments 
Hungarue Kotet I 8vo Budapest 1885 Nyelvemliktir 
Kotet XI Kotet XII 8vo Budapest 1884 Codex Diplo 
mations Kotet IV 8vo Budapest 1884 Bethlen is a avid 
Diplomatic 8vo Budapest 1882 iEmilius Papuuanus 8vo 
Budapest 1884 A Keresstinysig fondamentomirdl 12mo 
Epistolss San eta Pauli 12mo A Kessthelyi Sirmesok 4to 
Budapest 1884 The Aoademy 

Trondlyem —K N Videnskaben Selskab Sknfter 1885 8vo 
Trvndfymn 1886 The Society 


Oheerrationi and Reports 

Christiania —Fjerde Beretmng om Bygde Kongsgaard mod Tiling 
4to Ohruttama 1886 The University Chnstaama 
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Observations, Ac, (continued), 

London:—Kew Gardens, Bulletin of Miscellaneous Information. 
No. 1. 8to. London 1887. The Director. 

Meteorological Office. Weekly Weather Report. Noe. 42-62. 
4to. Quarterly Summary of Weekly Report Third Quarter, 
1886. 4to.; Monthly Weather Report July-August, 1886. 4to. 

The Office. 

MelbourneDepartment of Mine*. Reports of the Mining 
Registrars, quarter ended September, 1886. Folio. Melbourne 
1886. The Department 

Observatory. Observations of the Southern Nebula made with 
the Great Melbourne Telesoope, 1869-86. Part I. Folio. 
Melbourne 1885. The Government Astronomer. 

Montreal:—Geological and Natural History Survey of Canada. 
Annual Report. 1885 With Maps. 8ro. Montreal 1886. 

The Survey. 

Pesth:—Konig. Ung Geologisobe Anstalt. Die Kon. Ung. Geo- 
logische Anstalt und deren Ausstellungs-Objecte, Ao. 8vo. 
Budapeet 1885; Foldtani Lnt6*et es ennek KiilliUsi Tdrgyai. 
8vo. Budapeet 1885; Special-KatalogderYl-ten Gruppe 8vo. 
Budapest 1885; Der Goldbergban Siebenburgens. 8vo Buda¬ 
pest 1885. With six other pamphlets in 8vo. 


The Institution. 




1887*3 Contribution* to tht MftaUurgy of Bumuth. 


February 10, 1887. 

Professor STOKES, D.C.L., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

L “ Contributions to the Metallurgy of Bismuth.” By EDWARD 
Matthiy, F.S.A., F.C.S., Assoc. Roy. Sch. MineB. Commu¬ 
nicated by John Percy, M.D., F.R.S., Pres. Iron and Steel 
Inst. Received August 18, 1886. 

§ 1. Bimuth: it* Separation from Gold, and it* Refining Action 
upon tame during the Process of Separation. —In bringing the above 
subject nnder notice, it is necessary to allude to some of the facts dis¬ 
tinguishing this very interesting metal. 

Bismuth, in some of its important characteristics and reactions, 
resembles lead. And one of the chief points of resemblance between 
these metals is their ready oxidation, and their absorption by bone- 1 
ashes or wood-ashes whilst so orydised. I refer of conrse, to the 
process of oupellation. 

This ancient and serviceable process, still employed universally 
for the separation of gold and silver from lead, is equally applicable 
to bismuth, if associated with these precious metals; and, like lead, 
bismuth may be readily employed as a vehicle or means of collecting 
gold and silver from their ores in reduction processes; but its com¬ 
parative cost accounts for its non-employment in this respect. 

Commercially speaking, bismuth differs from lead in its greater 
value, lead being worth at present £18 to £14 per ton,* whilst bismuth 
realises between £700 and £800 per ton; this high value being due to 
its greater rarity and to its limited and special uses. 

As is well known, bismuth ores are frequently auriferous j and 
one of the points which it is my desire to bring under notice is the 
effectual separation of the gold from bismuth by a rapid and effica¬ 
cious process. 

Of conrse, nothing oould be easier than to separate these two 
metals by the ordinary process of cupellation. The gold, by these 
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. is at onoe rendered available, bat with the drawback that not 
only u there a very considerable lose of bismuth by volatilisation 
during the onpellation, bnt the subsequent recovery of the metal, 
which in the state of oxide has been absorbed by the cupel, is 
rendered necessary, involving a tedious and troublesome smelting 
operation, the employment of expensive fluxes, and a farther con¬ 
siderable loss of metal 

Bearing in mind the close resemblance of bismuth to lead in its 
behaviour in the onpellation process, I directed my attention to its 
separation from gold by means of the addition of a small proportion 
of uno—a method known as the Parkes prooess as employed for the 
separation of silver from lead And this I found successful, the 
natural separation of these two metals dnnng the prooess of oooling 
proving to be similar in both cases 

The operation as earned out by me is as follows — ( 

The Bismnth holding the gold is melted at the ordinary tempera¬ 
ture about two per cent of melted uno is then added, and the 
whole brought to a dull red heat The alloy is then well stirred, 
and the temperature gradually lowered When at a black heat the 
slight crust formed on the surface is skimmed off and the metal 
again treated with a further quantify of sino at the higher tempera¬ 
ture The whole of the gild will be found in these shimmings, and 
the bismnth will be thus freed from it 

The skunmings, consisting of bismutb, gold and sino, and sino 
oxide, I now treat by a prooess which quickly renders the gold avail 
able, and at the Bame time has the effect of refining the gold from all 
impurities excepting silver dunng the actual prooess of extraction 
This small proportion of bismnth litharge and its charge of gold 
is fased in a clay crucible with a little borax, and allowed to cool 
down in the orucible, or it is poured into a mould with the bismutb 
litharge, which being perfectly liquid, allows the metallic gold to 
separate by its own gravity, and dnnng its fusion absorbs any base 
metals associated with it as oxides The bitmuth litharge, in fad, 
act* at a refining agent to the gold, which, when cold, is detaohed from 
it This bismnth slag is broken np, re fased with a little metallic 
bismnth, and is so freed from the last trace of gold which is collected 
by the bismuth and subsequently extracted The bismuth litharge 
so freed from gold is then reduced by fusion with carbon to its 
metallio state 

The quantify of bismuth litharge holding the gold is exceedingly 
small in proportion to the bulk of metal originally treated, as the 
figures hereinafter given will show , but, by this proosss the bismuth 
is at onoe freed from its gold oontenta with little time, labour, or 
expense 

I have continuously earned out this method of treatment with the 



1887.) t Contribution* to tit* Metallurgy of BumvtJi, 81 

most satisfactory remit* It will only be neoeesaiy to take the figures 
of one operation aa an illustration 

A quantity of 9488 lbe of bismuth, holding about one per oent of 
impurity, and 12 5 onnoes of gold per ton (equal to 53 5 ounces in 
the bulk), was so treated, and of this nearly 9000 lbs was imme¬ 
diately rendered available for commercial use, the skimming*, which 
amounted to 658 lbs (7 30 per cent of the bulk), contavtmg the whole 
of the gold 

These skimming* I oxidised by means of nitric acid, thus obtain¬ 
ing tiie greater proportion of the bismuth and what little copper there 
was in solution, from whioh the bismuth was precipitated by the 
ordinary method, care being taken to saturate the mtno acid by ex¬ 
tracting the greater portion of the bismuth as nitrate, so as to leave 
a portion of the bismuth as oxide with the gold m order to refine 
it from the impurities existing as oxides when fused with it This 
residue, collected and dried, was, when dned, fused in olay crucibles, 
with a small qnantity of borax, yielding the full amount of gold shown 
by assay 

As before stated, in these fusions the metallic gold separates from 
the bismuth litharges, and descends to the bottom of the crumble by 
its own gravity The liquid and supernatant bismuth litharge floats 
upon it and breaks away readily when cold, the gold so obtained being 
associated only with silver, both metals being in fact i tflned by the 
action of the bwmuth litharge 

$ 2 Separatum of Bwmuth from Lead — The difficulty surrounding 
the treatment of bismuth associated with other metals by any rapid 
or comprehensive process is well known to the metallurgical chemist 
I believe I am oorrect m stating that hitherto the only process 
employed for the refining of bismuth on the Continent—notably in 
Saxony, the chief continental source of this metal—has been that of 
chlorination and subsequent precipitation, a prooess tedious m itself 
and involving much plant and labour in comparison with the quanta 
bee of metal operated upon 

Rapidity of production with a minimum margin of loss, in ordsr 
to free the metal from its imparities and render it marketable as 
quickly as possible, being a great desideratum, induced me to turn 
my attention to its refining by diy processes In carrying this out I 
have found present most of the metals which are easily seised by and 
become associated with the bismuth itself during the process of reduc¬ 
tion from its ores,* such as antimony, arsenic, tellurium, lead, copper, 
Ac., Ac, all of which I have successively and successfully dealt with 

It is not my intention in this paper to describe the processes 
adopted for the elimination of these several metals, but to confine 


• See Table of Analyses herewith 



93 Mr. EL Matthey. ^ [Feh 10, 

myself to the separation of lead, the preeenoe of whioh eepeoially 
presented at first great diffionltiee. 

As stated above, I hare found that I can separate one by one the 
metals mentioned above, all of which have been associated with crude 
bismuth which has come under my notice. In this, suocess though 
gradual, has been complete: but I was still confronted by the fact 
that the lead alloy was retained by the bismuth with a most charac¬ 
teristic persistency which Beemed to defy all efforts of separation 
excepting by tedious wet or acid processes. 

The amount of lead existing in the bismuth I operated upon, after 
freeing it by dry processes from its other impurities, varied from 2 to 
10 per cent. 

Bearing in mind the respective fusing points of lead and bismuth, 
it occurred to me that, as alloys of bismuth and lead fuse at a 
temperature considerably lower than that of bismuth itself, separation 
would possibly take place between the two metals at a certain point 
of cooling; I therefore made the following experiment:— 

Taking a quantity of bismnth (about 10 owt.), holding ll‘B per 
oent. of lead, and fusing same, I allowed the metal to cool until the 
major part of it had crystallised, then removing the fluid portion. 

The residue showed by assay only 6-35 per oent of lead, pointing 
at once to the partial separation I had hoped for. 

These crystals again similarly treated showed only 3’ 75 per cent, 
of lead. 

The operation repeated gave crystals with only 2 per oent of lead, 
and a fourth crystallisation brought this down to below 0 5 per oent. 

As a matter of possible interest, I subjoin the progressive result* 
during the crystallising operations of several lots up to the point of 
bulking, and of finally separating every trace of load:— 

Bismuth holding 14‘6 per cent. Lead. 


1st crystallisation gave crystals holding 9'8 per oent. of lead. 


2nd 

„ „ „ 

51 „ 

„ 

3rd 

>• „ „ 

3-8 

„ 

4th 

,» „ „ 

25 

„ 

5th 

” 

0-4 „ 

- 


Bismuth holding 12 per cent. Lead. 


1st crystallisation gave crystals bolding 6'2 per oent. of lead. 

4 2nd 

n ii n 

42 ,i 

„ 

3rd 

n ii n 

1-4 „ 

„ 

4th 

» •• it 

0-4 „ 

w 
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Bismuth holding 7*8 p or cent. Load. 
lit crystallisation gave crystals holding 4*8 per oent. of lead. 
2nd „ „ 88 

3rd ,. „ ,. 0-8 , f 

4th 0-4 „ 


Bismuth holding 11 per oent. Lead. 
let crystallisation gave crystals holding 5‘5 per oent. of lead. 
2nd „ 2-5 

3rd .. .. 1-0 

Bismuth holding 5'6 per oent. Lead 
1st crystallisation gave crystals holding 2‘0 per cent, of lead 
2nd „ „ „ 07 „ 

3rd „ „ under 0 5 „ „ 

Bismuth holding & 3 per cent. Lead. 

1st crystallisation gave crystals holding 18 per cent oflead. 

2nd „ „ „ 0-6 

3rd „ „ under 0-5 „ „ 


Having attained this point, I worked upon several large quantities 
of metal—with practically the same results—finally succeeding by a 
continuation of the process in eliminating every trace of lead. 

By the above it will be seen that the process becomes an ex¬ 
ceedingly simple one, large quantities being treatod at one time, 
involving little or no loss, and oocupying hoars, instead of possibly 
weeks. 

To illustrate the facilities of the separation of lead and bismuth 
alloys, I give the following figures from metal holding originally five 
per cent, of lead. 

10,675 lbs. produced, in the course of six to seven crystallisations, 
0306 lbs. of available bismuth, the residue 1188 lbs. holding 40 per 
oent. of lead, so that from a quantity of nearly 5 tons of bismuth and 
lead alloy only about half a ton remained, holding practically the 
whole of the lead; the bnlk of the bismnth separated by simple crys¬ 
tallisation holding traces only of lead, which, if necessary, could be 
readily eliminated by further crystallisation. From these facts it is 
apparent that the separation of these two metals can be effected by 
turning to account their relative fusing points. 
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Recapitulation of forogtnng Experiment 
10,075 lbe leady bismuth, holding five per oent. lend, yielded 
9806 lbe of good commercial bismuth by the crystallisation procew, 
or within six per oent of the total oontente of pure bumnth 
Leaving for subsequent treatment— 

Of alloy, holding 40 per cent of lead, 1188 Ihs, which is equal to 
1113 per oent of the whole weight of metal treated 


Average Analysts of the Bismuth Ores worked upon 


Bumnth 

4457 

Lead 

2 35 

Antimony 

064 

Arsenic 

126 

Molybdenum 

• 5 02 

Tellurium 

017 

Iron 

525 

Manganese 

005 

Copper 

024 

Tungstio acid 

245 

Alumina 

018 

Magnesia 

009 

Lime 

081 

Carbonic acid 

147 

Sulphur 

3 77 

Insoluble earthy matter, ohiefly silica 

2312 

Water 

8 37 

Oxygen in combination and loss 

519 

100 00 


IL “ An Inquiry into the Cause and Extent of a special Colour' 
Relation between certain exposed Lepidopterous Pupae 
and the Surfaces which immediately surround them ’ By 
Edward B Poulton, M A, of Jesus and Keble Colleges, 
Oxford, Lecturer in Zoology and Comparative Anatomy 
at St Mary's Hospital, Paddington Communicated by 
Piofeasor E. Ray Lanxestkr, FRS Received Feb¬ 
ruary 10,1887 

( Abstract 0 

Historical —Mr T W Wood first called attention to the oolour- 
rolataon in pup® (‘ Entom Soc Proc1867, p xcix), addnnmg 
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instances of Pteru bratnea, P rapes, Vanessa polychloros, aud 
(erroneously) PapxUo maehaon He even suggested that gilded 
rarfaoea might probably be fonnd to prodooe gilded pope, but the 
experiment has never been made until the present investigation His 
observations were disputed by many entomologists but were confirmed 
by Mr A G Butler and Professor Meldola (‘ Zool Soo Proo 
1878) Finally, Mrs Barber ( Entom Soc Trans1874, p 619) 
obtained striking results with the pup® of Papilxonireus (South Afnoa) 
which were confirmed by Mr Roland Tnmon, who experimented upon 
Papiixo demoleus Still later Fritr Muller (‘ Kosmos ’ vol 12, p 448) 
argues that the dimorphic pup® of Papdxopalydamus do not possess the 
colour-relation It was generally assumed that all the above instanoes 
of the colour relation were to be explained by supposing the skin of 
the freshly formed pupa to be " photographically sensitive, but the 
explanation was never tested by any system of transference to other 
oolonrs, and Professor Meldola pointed out in 1874 that there was no 
real analogy with photography h nrtbermore the explanation failed 
to account for the colour of pnp® which threw off the latval skin on 
a dark night I therefore thought that the problem would piobably 
prove to be essentially physiological, and that tho reflected light 
wonld be found to act on the larva at some time before pupation 
and not upon tho pupa itself and it seemed probable that the 
sensitive area might be defined by experiment The investigation 
was conducted in the summer and autumn of 1886 

I Experiments upon Vanessa Io —Material was kindly supplied 
by Mi E D Y Pode, of Slade, Ivybndge Six mature larv® were 
placed in a glnas cylinder surrounded by yellowish green tissue paper, 
and all suspended themselves from the paper roof Five changed into 
the rarer yellowish green form of pupa, and the sixth immediately 
after tho skin had been thrown off and while still moist and with the 
shape unformed, was transferred to a black surface m darkness but 
the pupal colours deepened into a yellowish green tint exactly like 
that of the other five pnp® 

This experiment, ao far as it went, confirmed my anticipation of 
larval as opposed to pupal susceptibility, and added another striking 
instance of pnpal oolour relation Mr W H Harwood, of C olohester, 
also informed me that he had found the same variety of this specie# 
<m the under side of nettle leaves, bnt not the dark form which 
occurs commonly on walls, stones, io Hence the protective value of 
the colour-relation is well seen, the species having varieties suitable 
for vegetal and mineral surroundings, and adjustable by the stimulus 
supplied by tbe oolonrs of the environment 

II Experiments upon Vanessa urhcce — Thu species was investigated 
in great detail, over 700 individuals being employed m the experi¬ 
ments Material was in part supplied by Mr< Pode, but chiefly 

vol xui a 
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found near Oxford. The first necessity was the oonstruotion of a 
standard list of colours with which to oompare the pup® which had 
been the subjects of experiment. The pupae are very variable, and in 
many of the experiments the colour influence was only allowed to act 
during a small part of the time during which the lame are sensitive. 
Henoe the careful record of minute differences was absolutely 
necessary, and the standard list was made as detailed as possible, 
The list was as follows:— 

The degree of colour represented by— 

(1.) Very dark, from the large amount of cuticular pigment; no 
gilding or the merest trace. 

(2.) Dark normal form, but not so black as (1) and sometimes more 
gilding bat very littlo. 

(3.) Light normal form, sometimes with a fair amount of gilding, 
often with a predominant pinkish tint. This degree was,afterwards 
subdivided into dark (3), (3), and light (3), and even farther in 
oertain experiments. 

(4.) Very light variety, often extremely golden; Bometiraes light 
pink. 

(5.) The lightest variety ; often completely covered with the gilded 
appearance. 

In the experiments summarised below, the individuals belonging to 
different companies were always separated, except in the larvae 
subjected to green surroundings, so that the errors from varying 
hereditary tendencies were reduced to a minimum, for the larvs of 
each company are hatched from the eggs laid by a single butterfly. ' 

1. The ltesvlis of Different Colours —Orange surroundings produced 
no effect, as far as tho experiment went, for tlie few pup® were all (3) 
and therefore showed no Relation to the colour of the environment. 
After the experiment upon the allied V. Jo l tried the effect* of green 
upon a large number of individuals, but the resulting pup® were on 
the whole rather darker than usual, probably because of the amount of 
shade produced by the tissue-paper. This oonolnsion suggested the 
naeof black surroundings, and at once an immense effect was witnessed. 
These effects in turn suggested the use of white surroundings (white 
paper and white opal glass) and here also a powerful influence was 
exerted, the pups being often brilliantly golden in appearance. But 
it was clear that the very dark varieties were much better protected 
against the black surfaces than the lustrous golden pup® against the 
white surfaces, and this consideration suggested the use of a material 
with which the golden appearance harmonised most perfectly, is.," 
metallic gold. Boxes and cylinders lined with gilt paper and turned 
towards a strong light produced the most extremely gilded varieties in 
a large proportion of the pups, and the metallic appearance was 
yellower and more truly golden than in the more silvery foimf 
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produced by the use of white surrounding*. The totals obtained by 
the use of these different surroundings were os follows (omitting the 
orange). 


Degrees of colour. 

U) 

(2) 

Dark 

(») 

(8.) 

Light 

(3) 

(4) 

(6.) 



2 

H 


25 


1 

8 

- 80 

Black . 

11 

29 

27 

22 

H 

8 1 


-103 

White 


7 

21 

37 

41 

26 

11 


eut .. 


l 

2 

7 

IS 

27 

H 

L 

- 07 

838 


2. The Colour* of Wild Papm —It is impossible to realise the 
extremely remarkable results of the gilt and white surroundings 
without taking into account the fact that a (4) or a (5) is very rarely 
seen in the field, except when the pupa is diseased. Out of fifteen 
wild pnpsB found August 31 on a grey stono wall, tho lightest pupie 
were (3), while there were four of the degree represented by (1), and 
there was only the minutest spot of gold to be seen after careful exami¬ 
nation on two of the pup®, and none on any of tho others. 

8. The Effect* of Mutual Proximity.— Inasmuch as the above 
figures show that the larv® are sensitive to dark surfaoes and the 
larve themselves acre almost black, it appeared probable that they 
would bo mutually influenced when a large number pupAted in close 
proximity. This was incidentally shown to be the case in several of 
the experiments, of which the most striking was as follows. Four 
larv® were placed each in a separate cylindor while twelve were placed 
together in another similar cylinder, all having the same conditions of 
light and each cylinder lined and roofed with an equal amount of 
white paper and each standing npon an opal glass floor. Of the twelve 
larvn ten pupated in close proximity upon tho roof and sides, and were 
all light (3), while the remaining two pupated on the floor and were 
both (4). Of the four pup® in separate cylinders two were (4) and 
two were (Jo). In consequence of these and other equally convincing 
results the exact position of the pup® has to be taken into account in 
estimating the influences which have been at work, and m all the most 
careful experiments only one or two larv® were placod iu each coloured 

4. The Effect* of Illumination .—One experiment was directed 
towards the comparison of the influeqoe of a blaok surface in strong 
light and the same surface in darkness, and the results show dearly 
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that the papa are on the whole darker in the latter cueumstanoee, 
although dark under both conditions 

In another experiment some larvm were suspended in a strong direct 
light without any colon! ed background sufficiently near to affect them, 
and as far as the experiment went it indicated that there was an 
influence in the direction of the lighter varieties but in this case the 
numbers employed were too small to be convincing 
5 The Time during which the Larva are Sennttve —The whole 
period preparatory to pupation, intervening between the cessation of 
fcoding and pupation itself, may be divided into three stages (l) in 
whioh the larva descends from tho food plant and wanders about in 
search of some (geneially mineral) surface upon which to pupate, 
(h) in which it rosts motionless, usually in a curved position, upon 
the surface selected, (m) in which it hongs head downwards bus 
pendod by its posterior claspers from a boss of silk Bpnn ttf, the close 
of the last stage The duration of Stage (i) depends npon the 
vaiying proximity of suitable surfaces, and it was always greatly 
curtailed in confinement, because such surfaces were close at band 
If the larva is sensitive during this stage the influences cannot 
generally contribute towards the result because the larva is wandering 
over surfaces of various oolours It is also very improbable that the 
larva can be sensitive after the first few hours or at any rate the first 
half of Stage (in), because rapid changes are taking plaoe under the 
larval Bkin, and it is even likely that processes are already on their 
way towards completion which will result in the formation of pig¬ 
ment or other substances which will many hours later deepen into 
the effective causes of pupal colour The length of Stage (ui) did not 
vary very mnoh m different lan se and in tho shortest case observed 
the length was about 14 hours, while 20 hours was an unusually long 
penod, but the majority of larvee pasaod about 17 or 18 hours in this 
stage Stage (h) was more variable but about 15 hours was a common 
length, while 36 boors is a fair estimate of the length of ths whole 
preparatory penod In the majority of oases a larva is probably 
sensitive to the colonr of surrounding surfaces for about 20 hours 
preoeding the last 12 hours of the whole preparatory penod Thus 
the length is amply sufficient to inolude many hoars of daylight dnnng 
whioh the surrounding surfaces are illuminated If a larva be die 
turbed when Stage (u) is far advanced the whole penod begins again, 
and all the three stages are again passed through, but they are 
all abbreviated, including Stage (m) which had not previously com^ 
menoed Many experiments indicated that dnrlmnee may increase 
the length of the stages, but my observations were not specially 
directed towards the settlement of this question, which only ooenrred 
to me when the notes were tabulated Therefore I propose to 
specially investigate thu point m ths next season Such prolongation, 
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if corroborated, may be physiologically connected with pigment 
formation, or it may merely giro the larva an additional opportunity 
of being aeted on by light, if for any cause the illumination of the 
surrounding surface is delayed or if the most sensitive part of the 
whole period corresponds to the ordinal y darkness of night 
6 Experiment* which show the Sensitive Condition during Stage* (n) 
and (in) —It was very important to obtain beyond any doubt the 
demonstration that the larva are sensitive during Stage (n), and also 
to decide conclusively whethet any snsceptibility was continued into 
Stage (m), and if so to compare the relative susceptibilities of the two 
stages Such experiments, if successful, would at once dispose of the 
older theory of pupal sensitiveness, and would be most important in 
making possible other mothods of investigation which, applied to 
Stage (in) alone, might sucoessf illy tei inmate the long and difficult 
search for the larval sensory surface which is affected by surrounding 
colours A great many experiments were conducted with this object 
The larva were made to pass Stages (i) and (u) exposed to the influence 
of a powerfully acting colour, and then were transferred for Stage (m) 
to the colour which tended most strongly in the opposite direction 
The largest, most carefully conducted, and most successful experiment 
of the kind gave the following results, all the larvre belonging to the 
same company — 



The analysis speaks for itself Stages (u) and (m) are both sensitive, 
but Stage (in) is much less sensitive than the other Thus, when the 
earlier part of the penod was passed in gilt surroundings, the resem¬ 
blance between the results and those produoed by gilt surroundings 
acting daring the whole period was much stronger than the resem¬ 
blance between the latter and the results produoed when the gilt 
acted during Stage (in) only It is observable that the larva as a 
whole evidently tended towards the lighter forms, so that the black 
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did not prodnoe nearly snob strong effects u tbe gilt surroundings 
It is almost unnecessary to point how completely the old theory of 
papal sensitiveness is broken down by the analysis The experiment 
shows that the more elaborate methods alluded to above could be 
applied to Stage (111) with at any rate a fair prospect of success 

7 The Search for the Sensitive Larval Surface (m ) The Ocellt — 
Tho most obvious suggestion pointed towards the larval ocelli (six in 
number on each side of the head) as the possible sense organs which 
were acted on by smrounding colours, and formed the beginning of 
the physiological ohain of which tho end is seen in the colours of the 
pupa In many different experiments the larvw were divided into two 
sets, with precisely similar conditions of surrounding colours and 
illumination, the one set of larvae being normal while the ocelli of the 
other larvaj were carefully coveiod with an opaque black varnish, 
which was renewed more than once if necessary (the larvw being very 
ranch irritated by tho process and flinging their heads abont so as to 
remove some of the varnish) Iho material made use of was a 
quickly.drying photographic varnish rendered opaque by the addition 
of lamp black Experiments of this kind weio conduoted with green, 
white and gilt surroundings but the pnpw which wire formed from 
the blinded larvw could nevei bo distinguished as a whole from the 
others having been equally acted upon by surrounding colours 
Even supposing the conditions of experiment had not been qmte 
perfect, so that the ocelli were not wholly eliminated, wo should 
expect Horae differences between the resulting pupm if these organs 
represent the efficient sensory surface After repeated experiments 
with negative results I subjected two sets of larvw to tho influence of 
black surroundings in darkness thinking it possible (but highly 
improbable) that tbe process of blinding, or the varnish itself might 
act as a stimulus to the ocelli, and so produce the light-ooloured 
pnpw Again it was possible that the blinding might assist the 
influence of black surroundings, although it could not prevent the 
action of bright colours Of tho resulting pup®, the set produced 
from the blinded larvw were rather lighter than the others, but there 
was little difference, and honce both suggestions were negatived, for 
the process obviously did not assist the influence of the surroundings, 
and the difference between tho two sets was so slight as to offer no 
explanation of tho brilliant pnpw produced from blinded larvw by gilt 
or white surroundings, on the hypothesis that the process of blinding 
itself supplies a stimulus 

(/9 ) The Complex Branching Spinet —It seemed possible that these 
spines, of whioh there are seven on most of the segments, might 
contain some terminal organ which receives impression from oolonred 
surfaces When the spines sre snipped off the bases bleed a little, so 
it » clear that a subcuticular core is contained within them Tbe 
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bristles were thorn from several mature lame, and they Were plaoed 
under exactly the same conditions of light and surroundings (white or 
gilt being need in three different experiments) as about an equal 
number of normal larvae, but the pup® of the two sets were almost 
exaotly similar. 

(7.) The whole Skin Surface at Totted by Conflicting Colour Experi¬ 
ment !.—It has been shown in paragraph 6 that the larvSB are to 
some extent sensitive during Stage (iii), and I had long thought that 
this stage in which the larva are suspended motionless, and cannot 
be greatly affected by disturbance, might be investigated by theappli- 
cation of strongly oonflioting colours to different parts of the larval 
surface. Black and gilt were obviously shown to bo the best oolours 
to select for the purpose, and the experiments wore conducted in two 
ways. In the first the larva were induoed to suspend themselves from 
sheets of dear glass, by placing them in wide shallow glass boxes, ao 
that the ascent to the glass roof was easily aooomphshed. As soon 
as suspension had taken plaoe each of the larva was covered with a 
oompartmentod cardboard tube, of which the septum was perforated 
by a hole just large enough to admit the larval body. The tube was 
fixed to the glass sheet with glue, and the upper chamber and upper 
surface of the septum were lined with one colour, e.g. t gold, 
while the lower chamber and lower surface of the septum were 
lined with the opposite colour, e.g., black, which also covered 
the outside of the cylinder, in case the larva should stretch beyond 
its lower edge. The septum was plaoed at suoh a height in 
the tube that the larval head and rather less than half of the 
total skin surface (anterior) were contained in the lower chamber, 
while rather more than half of the skin surface (posterior) was con¬ 
tained in the upper chamber. It was thought that the upper chamber 
would be illuminated too strongly as compared with the lower, 
because its opening was directed upwards towards the light descending 
from the window, and therefore compensation was provided by fixing 
another perforated septum on the upper end of the cylinder, so that 
its opening was reduoed to the same diameter as the perforation in 
the septum between the two chambers. The results show that I 
overoompensated for the difference in illumination, for I did not take 
into account the fact that the larva spins its boss on a comparatively 
wide layer of silk which it has previously spun over the glass, and 
which greatly diminishes the transparency of the latter over an area 
at least equal to the diameter of the tube, which is comparatively 
thick, and includes the boss itself over the smaller area, corresponding 
to the perforation in the disk. Hence the renulting pup® were rather 
lighter when the gilt chamber was below, although the difference was 
not great. At the close of the experiment I altered the conditions of 
i l h u ninnt ion by removing the upper septum, and then the single pupa 



108 Ur. E. B. Pod ton. On a special Cokmr-RdaOon [Feb. 10, 

produced in % tube with the gilt dumber above proved to he the 
only (5) obtained in the whole of this eet of experiments, in which 
83 pope had been oompered. Snoh results show that the sensitive 
surface is not represented by a sense-organ in the head, or with an 
anterior portion only, but that the whole skin area possesses susoeptL 
bility. 

The second method of conducting conflicting oolour experiments 
was superior in the more equal illumination of the gilt surface when 
above or below. Flat wooden trays were oovered in each ease with 
black and gilt paper in alternating areas, the two odours meeting 
along lines whioh ran across each tray, and along whioh shelves were 
fixed oovered with gilt paper towards the gilt surface, and black paper 
towards the black surface. The shelves were perforated close to the 
tray bottom with holes separated by equal distances, and of snoh a 
sine as to easily admit the body of a larva with its spines, while the 
latter as in the oomp&rtmented tubes tend to obscure toe interval 
between the larval body and the edgo of the aperture. The trays 
were plaoed vertically in a strong east light, so that the shelves pro. 
jecrted horizontally, the black surface being uppermost in some oases, 
the gilt surface in others. Suspended larvae were pinned (by the 
boss of silk) on to the uppermost colour in such a position over the 
holes that the head and first five segments of each larva passed 
through a hole into the oolour beneath, whioh tended to produoe oppo¬ 
site results. The curvature of the larval body brought the head oloae 
up to the underside of the shelf, and thus there was no ohance of its 
being influenced by the colour above the shelf. Other larvae were 
similarly fixed between the shelves upon one oolour only, so as to 
afford a comparison with the results of the conflicting colours. The 
pupa* obtained wore on the whole rather lighter when the gilt surface 
was above, and benos the gilt surroundings influenced the rather 
larger posterior part of the skin to a greater extent than in the converse 
arrangement, when the effective) colour was below. Hence on the 
whole the influence of conflicting oolours has ended in as oomplete a 
confirmation of the numerous blinding experiments as the necessarily 
limited conditions of experiment oould be expected to produce. 

8 . The Na tori of the Effects Produced ,—The gilded appearance is 
one of the most metal-like appearanoes in any non-metallic substance*. 
The optical explanation has never been understood. It has, however, 
been long known that it depends upon the cuticle, and needs the 
presence of moisture, and that it can be renewed, when the dry 
cuticle is moistened. Henoe it can be preserved for any time in 
quit. If a piece of dry outiole be moistened on its upper surface 
she oolour is not renewed, but almost instantly follows the applioatkm 
of spirit to the lower aurfsoe. Sections of the cuticle resemble those 
of Papilio mo cha on described is a previous paper (‘ Boy. Soe. Peat./ 



108 


vol 38,188ft, p 279), and show an upper thin layer, and a lower modi 
thicker, finely laminated layer, whioh u alao striated vertically to the 
surface With Professor Clifton’s kind assistance I have been able to 
show that the appearances follow from interference of light, due to 
the presence of films of liquid between the lamella of the lower layer 
The microscope shows brilliant red and green tints by reflected light, 
while in transmitted light the complementary colours are distinct, 
bnt without brilliancy The latter colours are seen to change when 
pressure is applied to the surface of the cuticle, and when the process 
of drying is watched under the microscope, owing in both cases to the 
liquid films becoming thinner In the dry cuticle the solid lamella 
probably oome into oontact, and prevent the admission of air, which, 
if present, would cause even greater bnllianoy than hqnid The 
spectroscope shows broad interference bands in the transmitted light, 
which change their position on altering the angle of incidence of the 
light which passes through the cuticle Precisely similar colours, 
metallic on reflection, non-metalho and with the complementary tints 
on transmission, with the same speotrosoopio appearauoe# and changes 
induced by the same means, are seen in the surface films which are 
formed on bottle glass after prolonged exposure to eaith and moisture 
In the alternating layers of the pupa the chitmous lamella are of higher, 
the liquid films of lower refractive index, henoe water or alcohol pro¬ 
duce brilliant appearances, while hquids of higher refractive indioes 
produce less effect 

It is very interesting to note that this most specialised means of 
produoing colour is probably derived in the most simple manner from 
the ordinary lamellated layer of other non-metalho pupa (eg, 
P moehoon) m which the lamella merely act as reflectors so that the 
pupa is bnghtly coloured by absorption dne to pigment oontained in 
the outer lamella only, and hence traversed twice by a large part of 
the incident light 

The dark pupa of V wrtsrte, and the dark parts of the brilliant 
pupse, contain abundant pigment in the upper thinner layer only, 
which therefore acta as a screen, and shuts of! light from the lamel¬ 
lated layer below, thus preventing the metallic appearance In the 
brilliant pupa this layer is transparent, and of a bright yellow oolour, 
and doubtless assists m produoing the yellowness of the golden 
appearanoe by absorption of light Tho two layers are of different 
chemical constitution, for the upper will not stain in logwood, while 
the lower does so without difficulty 

9. The Bxoiogxeai Valve of the Gilded Appearance —Mr T W Wood 
suggested that the appearanoe was so essentially unlike anything 
usually found in the organic kingdoms as to protect the organisms 
possessing it Others have thought that it has the valns of a warning 
colour, mdioafeag an unp le asant taste It is probable that it is now 
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tued for this purpose, but it u improbable that nob was its original 
meaning, for the fact that the appearauoe can be oalled up by the 
appropriate snrroundings shows that it belongs to the highest oiasa of 
protective colours, as far removed as possible from conspicuous 
warning colours, the object of which is to become as unites their 
surroundings as possible. The former suggestion no doubt contains 
the true origin of the character, if we add to it the statement that the 
appearance is not only unlike anything organic, bnt strongly resem¬ 
bles many oommon mineral substances, especially the widespread 
mineral mica. The darker pupae, on the other hand, resemble grey 
and weathered rock surfaces, just as the brilliant varieties resemble 
many exposed and recently fractured rocks. The shape of the Vanessa 
pupa is eminently angular and mineral looking. It is probable that 
the glittering form arose in a hot dry country, whore exposed roolu 
would not weather for a long period of time. Gilded pupae of 
Vanessa are formod from larva which contain parasitio larvae of 
ichneumon flies, probably on account of tbe absence of pigment in 
snob diseased individuals, and snch absenoe being correlated with the 
gilded appearanoe, the latter is therefore formed. Vanstta lo has a 
green variety of pnpa which appears when the insect is attached to 
its food-plant; V. atalanta has not snoh a form, and spins a tent of 
leaves when it pupates on the plant, while 7. urticxr has neither the 
green variety nor the latter habit, and exhibits a strong disinclination 
to pupate among vegetal snrronndings. During the past summer I 
only fonnd throe pup® of the species on the food-plant in the field, and 
all were “ iohnewmmed ” and were abnormally gilded. 

III. Experiments upon Vanessa atalanta. —A few larvm of this 
species, kindly sent me by Mr. J. L. Surrago, were subjected to gilt apd 
to blaok snrronndings, while a few others were left in bright light 
among the leaves of the food-plant. The results harmonised very 
completely with those obtained from 7. urtica, the first set of pup® 
being uniformly golden, the second very dark and with hardly any or 
none of the gilded appearanoe, while the third were intermediate 
bat nearer to the former. The length of Stage (iii) appeared to be 
about the same as in 7. urtieas, as far as this could be ascertained 
from the limited data. 

IV. Experiments upon Papilio machaon, —Mr. W. H. Harwood 
supplied me with larvw of this species. The eight largest were 
selected and placed in brown surroundings (twigs, Ao.), four of them 
being blinded. The larvm were very quiet and did not appear to be 
irritated by the process, which was repeated three times. The posi¬ 
tion of the ooelli on a distinct black area rendered it easy to ensure 
(hat they are all covered with varnish. Eight bright green pupm were 
obtained, fixed to the brown stems or roof or lying free on the brown, 
flo or. This result surprised nje very much* for I knew tha$ (her* 
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was » brown variety of the pupa not onoomrhon in this specie* The 
remaining three larv® were placed in green surroundings, one of 
them being blinded ae above, but only one of the normal larva 
pupated, fixed to the green food plant, and produced a distinct brown 
variety These startling results show that there can be no suaoeptw 
bility in this specie*, and thiB is all the more remarkable because the 
two varieties are so well marked, and because of the striking results 
obtained by Mr* Barber and other observers on two species of South 
African Papiltos Frit* Muller, however, shows that another specie* 
of this genus resembles P machaon in being dtmotphio and yet not 
susceptible The contradictory results obtained m my experiment* 
were either due to tho secondary association of one variety of a 
dimorphic species with an unhealthy condition or even a stunted sue, 
as the gilded Vanessa pup® result from ‘ ichneumoued" larv®, 
or to the shade caused by the green tissue papei Ihe eight 
largest and healthiest larv® pioduoed the green pup®, while of 
the three smaller lai v® only one pupated and formed a brown pnp® 
Mi Harwood informs me that he has always looked with suspicion 
on the brown pup®, believing that they have been bred from larv® 
which were captured when small, and which are reared in closo fitting 
tin boxes and he believes that the wild pup®, and those obtained 
from larv® which were found when almost mature, are green On the 
whole I think it is probable that the pupal dimorphism in this species 
is the remnant of a former suoeptibility to coloured surroundings 
V Experiments upon Punt brasnem and P raped —Those two 
species are treated together because they were m nearly all oases kept 
under similar conditions and were often placed in the same cylinders 
The (nearly mature) larv® were almost always obtained, and the 
experiments conducted, at boaview (Isle of Wight) 

1 Standards of Pupal Colour —Degrees of oolonr were constructed 
by the comparison of a large number of individuals in each species 
In these standard lists the pnp® were arranged in both specie* 
aooording to tho relative predominance of black pigment, both a* 
patches and minute dot*, the latter tending to produoe a grey appear, 
anoe and obscuring the ground colour The lightest degrees were 
classified according to the tint of the ground colour which bad beoome 
prominent in the oomjiarative absence of the pigment 

8 Effects of various Colours acting during the Preparatory Period 
(a ) Black —Interesting result* following the use of this blade ground 
under various conditions of illumination (P rapes only), the effect* 
being stionger m the direction of pigment formation when the 
amount of light was increased (the opposite effect having been 
witnessed in V urttea ) The pup® of both speoies were daik in the 
great majority of instancee after exposure to black surroundings in 
the larval state during the preparatory period 
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(/9.) White .—In this com also the effects were stronger (as shown 
in the prevention of pigment formation) as the surface was more 
highly illuminated (P. rapes only). 

(<y.) Colours of ihs Spectrum .—All the colours were used except 
violet, and the effects upon pigment formation in the two species ware 
so graduated in the successive colours that it was possible to approxU 
mately represent the results by a graphic method, making the abscissa 
of the scale of wave-lengths of the visible spectrum, and each ordinate 
of a length which corresponded to the average amounts of pigment 
obtained from all the pups subjected to any one colour, each ordinate 
being made to diverge at its base, and to include the degrees on the 
scale of wave-lengths whioh were shown by the speotrosoope to corre¬ 
spond to the rays reflected (or transmitted) by the colour in question. 
Joining the summits of all the ordinates, the lines obtained were 
strikingly similar in the two species. , 

The effects may be summarised as follows:— 



The colours whioh most retard the formation of pigment were 
shown by the spectroscope to contain oertaiu rays in oommon, ».e., 
those from W.L. 0-00057—W.L. 0 00059, or 0 00060. The whole of 
the experiments on these species seemed to show that, of the light 
incident on the larval surface, the direct white light produces no 
effect at all (until after it has been reflected). Farther experiments 
mast deride whether direct light can be equally efficient with re- 
fleeted light, when it oontains the same spectroscopic components. 
The green tissue-paper was quite insufficient to prove this, for it 
must have been largely ooloured by absorption from reflected os well 
as transmitted light. 
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8 The Length of the Preparatory Penod —The observation* were 
mot sufficient to determine the duration of the penod* and of its etagea 
with any great accuracy, but all the experiment* render it certain 
that the longth is much greater m both species than in V vrttca 
There were also some indications as in V urttca, that darkness may 
oanae the prolongation of the penod 

4 Bhndtng Experiments —The larve of P rapes were alone made 
nse of, and they are as well suited to this method of investigation as 
P machaon The sets of pup® produoed from normal and blinded 
larv® were very similar and thns the results harmonise with those of 
all the blinding experiments m other species of larva 

5 Trot sferenee Experiments —A considerable number of the larva 
of P rapes were transferred for tho whole or pait of Stage (m) 
to a surface of a oolonr different from and generally opposite to that 
which had previously influenced them, and the results entirely har¬ 
monised with those previously described m other species, showing 
that the larva is sensitive and not the pupa, and that the time of 
greatest susceptibility is before Stage (ill), or only including the first 
part of it, bnt also rendering it probable that the huva can be 
influenced to a small extent dnnng this stage 

6 The Nature of the Ejects wrought upon the Pupa; —The varied 
pigment effects which follow the influence of difforent surrounding 
colours are attended by other more deeply seated change* of 
even greater physiological interest and importance The black 
pigment patches and minute black dots are cuticular and super¬ 
ficial, while the green, pink, or other ground colouis are snbcnticular 
and deep seated, and in the most brightly coloured pup® they are 
mixed colours due to the existence of different pigmentary (and 
probably ehlorophylloid) bodies ptesent in different elements and at 
different depths in the subcntioular tissues of the same pnpa In 
other pup® no traco of anch oolours can be seen Hence we see in 
these most oomplex and varied effects of the stimulus provided by the 
reflected light, which deepen into their permanent pnpal condition 
very many hours after the stimulus has coated to act, tho strongest 
evidence for the existence of a chain of physiological processes 
almost unpaialleled in intricacy and difficulty, while a theory of 
comparatively simple and direct photochemical changes induced by tho 
stimulus itself, without snoh a physiological circle, seems entirely 
inadequate as an explanation of the facts, a conclusion which is borne 
out by a oomparuon with the experiments upon other species described 
in this paper 

VI Experiments upon Ephyra pendulana —After the consideration 
of the many species of variable pup® of the Rhopalocera, it is of inte¬ 
rest to compare the results of the investigation of tho equally exposed 
and variable pup® of certain specie* of a single genus of Heterooera, 
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the genus Ephyra. I observed this genus in 1883 (».«., B. pendnlaria, 
B. omicronaria, and E. orbicularia), and the results are published in 
* Entom. Soo. Trans.,’ 1884, pp. 50—56. The moat curious result of 
the observation was the establishment of the fact that the green and 
brown larvae always produce pups of the same colour. I think it is 
very probable (from the consideration of other partially publishod 
observations), although entirely untested in this genus, that the 
colours of the larvre, and through them of the pupae, conld be con¬ 
trolled by the selection of appropriate surroundings during the whole 
or a large part of the larval stage. Concerning the different speoios 
made use of, E. orbicularia is variable, E. pcndularia regularly 
dimorphic green and brown, and E. omicronaria dimorphic, with the 
brown forms very rare. Tho relative numbers of the green and 
brown larv® and pup® of E, pendularia vary at different times of the 
year, the groon forms greatly predominating in the Bumraeribrood, 
while they are not so abundant m the winter brood. When the 
parents of any set of lnrvm were both of the same colour in the 
larval stage there was a much larger proportion of that same colour 
in the resulting offspring. I made some observations upon the situa. 
tions selected for pupation, thinking that those might show some 
relation to the pupal colours, bnt the results were not convincing, 
and were certainly highly irregular, bnt tho experiment was not 
carried out in the best way, for there was not a sufficient quantity of 
both, ooloura in the surroundings. Dr Wilhelm Muller, of Groifswald 
(Spengel, ‘Zool. Jahrb.,’ vol 1, 1886, p. 234), calls attention to this 
remarkable and constant relation of larval to pupal colours, and 
expresses the belief that it is entirely exceptional, a statement which 
is of importance, when it is remembered that Dr. Muller has worked 
carefully for many years on the Sonth American larv®. Henoo 
certain species of Ephyrid® afford an interesting contrast with all the 
other species of exposed pup® which have been hitherto observed. 

VII Experiments upon the Colours of the Cocoon in Satwnia 
earfiini. —At the suggestion of Mr. W. H. Harwood I made some 
experiments upon this species, and found that four cocoons which 
were spun in the corners of black calico bags were very dark brown 
in colour, while those of other larv® which bad been freely exposed 
to light until after they had begun to spin, and which were not sur¬ 
rounded by dark surfaces, were nearly all perfectly white, and when 
darker of a much paler tint, and vory different from the four men¬ 
tioned above. Thus Mr. Harwood's suggestion seems to be entirely 
ooufirmed, and another instance of the influence of surroundings is 
added, and one which it appears cannot be explained in any way 
except by the supposition of tho existence of a complicated physio¬ 
logical, and apparently a nervous circuit. 
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Professor STOKES D 0 L, President in the Chair 

The Presents received were laid on the table, and thanks ordered 
for them 

The following Papers were read — 


I “ A Record of Experiments upon the Functions of the 
Cerebral Cortex’ By Victor Horslky, MB, FR.C8, 
F R S, Professor Superintendent of the Brown Institution, 
and Edward Albert Schafer F R S Jodrell Professor of 
Physiology in University College, London (From the 
Physiological Laboratory of University College ) Received 
February 5 1887 

(Abstract) 

The paper consists as its title implies, of a record of experiments 
relating to the functions of the cerebral oortex, a subject upon which 
the authors have been engaged during three years The experiments 
have been entirely made upon monkeys After describing the methods 
employed, the general results of excitation and of extirpation of 
various parts of the cerebral hemispheres on one or both sidee are 
given, and the oases in which the method of ablation has been 
employed are then recorded m detail, the symptoms observed during 
hfe and the condition of the brain after death being systematically 
noted Each case is illustrated by one or more drawings, showing 
the exact oondition of the brain poet mortem In some install oca 
sections of the brain am also represented The paper includes also a 
topographical plan of the exoitable or motor region of the eortem 
es rebrt 


EL “On Radiant Matter Spectroscopy —Examination of the 
Residual Glow ” By William Crookks, F R S, V P C 8 
Received February 10,1887 

The duration of pboaphoresoenoe after cessation of the exciting 
cause is known to vary within wide limits of tune, from several hours 
in the ease of the phosphorescent sulphides to a minute fraction of a 
VOL. xui i 
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— wa d with uranium glass and sulphate of qmnrne In my examina¬ 
tions of the phosphorescent earths glowing under the eawtement of the 
induction discharge in vacuo, I have found very great difference* in 
the duration of the reeidual glow Some earths continue to phos¬ 
phoresce for an hour or more after the ourrent is turned off, while 
others cease to give out the light the moment the current etope 
Having snooeeded in splitting np yttna into several simpler forms of 
matter diffeimg m basic power,* and always seeking for further 
evidenoe of the separate identity of these bodies, I noticed occasionally 
that the residn&l glow was of a somewhat different colour to that it 
exhibited while the ourrent was passing, and also that the spectrum 
of this residual glow seemed to show, as far as the faint light enabled 
me to make out, that some of the lines were missing This pointed 
to another difference between the yttrium components and with a 
view to examine the question more closely I devised an instrument 
similar to Beoqnerel’s phoephoroeoope, bat acting electnoally instead 
of by means of direct light 

The instrument, shown in fig 1, A and B, consists of an opaqne 
disk, a b e, 20 inches in diameter, and pieroed with twelve openings 
near the edge as shown By means of a multiplying wheal, d, and 


Fio 1 K 







Oh Rack<mi Matt#• tspaetrotcopy. 
7u 1,B 




u» 



faapd, e /, the duk can be set in rapid rotation At each revolution a 
stationary object behind one of the apertnres is alternately exposed and 
hidden twelve times A commutatoi, g (shown enlarged at hg 1, B), 
forms part of the axis of the dish The commutator is formed Of a 
hollow cylinder of brass round a solid wooden cylinder The brass 
it out into two halves by a saw cnt running diagonally to and fro 
round it, so as to form on each half of the cylinder twelve deeply cmt 
tooth interlocking, and insulated from these on the opposing half 
cylinder by an air space about 2 m m across Only one half k hk, 
at the cylinder is used, the other, tit being idle, it might have been 
Oat away altogether were it not for some little use that it is in saving 
the robbing spring, j, from too great friotiou when passing rapidly 
OV*r the serrated edge To a block beneath the commutator are 
atta c hed two springs, one, k, rubbing permanently against the oon- 
ffnoons baas of the serrated hemieylinder, h h, and the other ,), rub* 
Pag Otsr the points of the teeth of h h By connecting these springs 
with the wires from a battery it will be seen that rotation of the ootn* 
toatator produces alternate makes and break* in the currant Tbs 
spring, j, rubbing against the teeth is made with a little adjustment* 
sideways, so that it can be said to touch the points of the teeth only. 
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when tiie breaks will be much longer then the makes, or it can be let 
to rub near the base of the teeth, when the current will remain on for 
a much longer time and the intervals of no current will be very abort. 
By means of a screw, 11, attached to the spring, any desired ratio 
between the makes and the breaks can be obtained. The intermittent- 
primary current is then carried to an induction ooil, m, the secondary 
current from wbioh passes through the vacuum tube, a, containing 
the earth under examination. When the commutator, the ooil-break, 
and the position of the vacuum tubo are in proper adjustment, no 
light is seen whan looked at from the front if the wheel is turned 
slowly (supposing a snbetanoe like yttria is being examined), as the 
current doee not begin till the tube is obscured by an intercepting 
segment, and it ends before the earth comes into view. When, how- > 
ever, the wheel is turned more quickly, the residual phosphorescence 
lasts long enough to bridge over the brief interval of time ^lapsing 
between the oeesation of the spark and the entry of the earth into the 
field of view, and the yttria is seen to glow with a faint light, whiob 
becomes brighter as the speed of the wheel increases. 

To count the revolutions, a projecting stud, o, is fastened to the 
rotating axis, and a piece of quill, p, is attached to the fixed support, 
so that at every revolution a oliok is produoed. With a chronograph 
watch it is easy in this way to tell the time, to the tenth of a second, 
occupied in ten revolutions of the wheel. 

Under ordinary circumstances it is almost impossible to detect any 
phoephoresoence in an earth until the vacuum is so high that the line 
spectrum of the residual gas begins to get faint; otherwise the feeble 
glow of the phosphoresoence is drowned by the greater brightness of 
the glowing gas. In this phosphoroecope, however, the light of 
flowing gas does not last an appreciable time, whilst that from the 
phosphorescent earth endures long enough for it to be caught in the 
instrument. By this means, therefore, I have been able to see the 
phoephorescenoe of yttria, for example, when the barometer gauge 
was 5 or 6 mm. below the barometer. 

When the earth under examination in the phosphoroecope is yttria 
Am from aamaria, and the residual emitted light is examined in the 
apeotrosoope, not all the hands appear at the same speed of rotation. 
At a slow speed the double greenish-blue band of 0/9 (546) first 
comes into view, oloaely followed by the deep blue band of 0* (482). 
This is followed, bn increasing the speed, by the bright citron band 
of 05 (574), and at the highest speed the red band of Of (619) is 
with difficulty seen. 

The following are measurements of the time of duration of the 
kphoaphoresoenoes of the different constituents of yttrium. The wheel 
Waa first rotated slowly, until the first line visible in the speotroeeope 
attached to the phosphoroaeope appeared; the speed was oounted, 
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sad it wm then increased until the line nest risible was seen. 'La 
this way the minimum speed of revolution necessary to bring each 
line into view was obtained, and from these data the 'duration of 
phosphoreeoenoe for each constituent of yttria was calculated. The 
time in the following table represents in decimals of a second the time 
elapsing between the cessation of the induction discharge and the 
risibility of the residual glow of the oarth 

At 0*0086 mo. interval the green and blue lines of G0 and Ga begin to be risible. 

At 0*0088 „ the citron line of Gf begins to be risible. 

At 0*00176 „ the deep red line of GC (847) is just risible. 

At 0*00185 „ the line of GJ is almost as bright as that of Gft and the 

red line of Gij is nsible. 

At 0*000676 „ the highest speed the instrument oonld be revolved with 

accuracy, the whole of the line* nasally seen in the 
yttria spectrum could be seen of nearly their usual 
* brightness. 

I have already recorded* that phosphate of yttria, when phospho¬ 
resced in vacno, give# the green lines very strongly whilst the citron 
band is hasy and faint. The same tube of yttrio phosphate was now 
examined in the phosphorosoope. The green lines of Qp soon showed 
themselves on setting the wheel into rapid rotation, but I was unable 
to deteot the citron band of Qt even at a very high speed. 

The effect of calcium on the phosphorescence of yttria and samaria 
has been frequently referred to in my previous papers. It may save 
time if I summarise the results here. About 1 per oent. of lime added 
to a badly phosphorescing body containing yttrium or samarium 
always causes it to phosphoresce well. It diminishes the sharpness 
of the citron line of G8 bnt increases in brightness. It also renders 
the deep blue line of Ga extremely bright. The green lines of Qp 
Are diminished in brightness. Lime also brings out the phospho 
reaoenoe of samarium, althongh by itself, or in the presence of a small 
quantity of yttrium, samarium scarcely phosphoresces at all. 

In the phosphorosoope the action of lime on yttrium is seen to 
entirely alter the order of visibility of the constituents of yttrium. 
In a mixture of equal parts yttrium and calcium, the oitron Gi line 
is the first to be seen, then comes the Ga bine line, then the Qp green 
line, and finally the G? red line. This may, I think, be explained 
somewhat as follows:—Calcium sulphate has a long residual phos¬ 
pho resoenoe, whilst yttrium sulphate has a comparatively short 
residual phosphoresoenoe. Now with yttrium, although the green 
phosphoreeoenoe of Qp lasts longest, it does not last nearly so long as 
that of oalcitun sulphate. The long residual vibrations of the oalcium 
compound induce, in a mixture of calcium and yttrium, phospho¬ 
rescence in those yttrio molecules (G8) whose vibrations it can assist, 
• 1 PhiL Tram,/ 1888, Part III (pp. 814-910). 
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in adranoe of those (Off) to which it is antagonistic; the Una of Gfi 
therefore appears earlier in the phoephoroaoope than that of G/9, 
although were calcium not present the line of G/3 would appear first. 

Experiments were now tried with definite mixtures of yttria and 
lime as ignited sulphates, to see where the special influence of lime 
on G6 ceased. 


Order of appearance in the phoeplioroeoope.—0/8, Oa, 
GW, and Os- The citron Uno of Gi is only to be 
aeen at a high apeed, and ii then very faint. 

Order of appearance m the phosphoroscope.—Oa, 03, 
and GW (citron and bine) together, and lastly Oq (red). 
At a Tory high apeed the green lines of* 0/8 booome 
far more luminous than any other line. 

Order of appearanoe.—Gi and Oa together, then Oft 
and lastly Oq. 

Order of appearance —Gi and Oa aimnltaneoualy, then 
03, ana lastly Oq. The residual phosphorescence 
last for 80 seconds after the current stops. The light 
of this residual glow is entirely that of GW. The fine 
-* -*-*■-- mterml of 00046 


Order of appearanoe.—GW, Oa, 03. 

Order of appearance.—Gi, Oa. The green lines of 03 
could not be seen in the phosphorosoope j they would 
probably be obliterated by the stronger green of the 
—,--- ! —q hj the eaioium 


The action of barium on yttrium was now tried. The following 
mixtures (as ignited sulphates) were made:— 


Yttrium. 

Banum. 


Per cent. 

05 

80 

80 

70 

00 

60 

40 

80 

86 

Fey oent. 

& ' 

» 

40 1 
60 

60 

70 

76 J 

In the phosphoroscope the 03 line appears earliest, but 
the blue Os line it the next to be seen, whilst the red 
line of Oq is the latest in sppearing. As the per¬ 
centage of yttrium increases the blue line more and 
more overtakes the red and increases in brightness. 

Spectrum similar to the above. As the percentage of 
yttrium increases the spectrum nows brighter. In 
the phosphorosoope the earliest fine to appear is the 
03 green, then the Oq red, and next closely follow¬ 
ing it the Oa blue 
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Yttrium. 

Barium. 


Per oect. 

Percent. 



r 

i 

In tho radiant matter tube all these mixtures mre 
similar spectra. The GF green u a little brighter 
and the GW citron is a little fainter than in the oor- 

20 

80 

16 

86 J 

responding mixtures of yttrium and caleium, hut 

10 

00 i 

the whole of the yttrium lines are teen, in the 

3 

06 , 

phosphoroaoope the GF green u the first to appsar, 
then the Gq red. The Go citron is not risible at any 

1 

09 *“ 

speed 

1 Bed line of Ch* is much brighter 1 GW is rery faint, and 



1 the green of GF i* stronger In the phosphoroeoope 

| the order of appearance Is,—first the line of GF, then 

the red line or Gq. 

0-6 

90'6 

1 

Phosphoresces with difficulty, of a light blue colour, 
hut turns brick-red in the locus of the pole. Spectrum 
Tory faint. Order of appearance to phosphoro- 
eoope —OF first, the others too feint to be seen. 


The next experiments were tried with strontium, to see what modi¬ 
fication the addition of this body to yttrium would produce. The 
following mixtures of ignited sulphates were experimented with 


Yttrium. Strontium. 


the order of appearance U—Fust the green of GF. 
then the Ga blue, lastly the Gq red. No GW citron 
fine oould be seen. 

In the phosphoroeeope the green of GIF is eery promi¬ 
nent at s low speed, steading out shsrply against a 
black background. With a higher velocity the G* 
and Ghj lines come into view 
The ordinary spectrum of this and the neighbouring 
mixtures is rery nch in the citron line of GW, but I 
entirely fail to see a trmoe of this line m the phos- 
phorosoope at any speed. The line of OF is the first 
_ to oome, then the blue line of Ore. 

| At about this point a change comes orcr the appearance 
I in the phosphoroeoope. The blue line of Ua is now 
I the earnest to appear, and it u followed by the Ghl 
rod and GF green. No GW line is seen. 

1 These mixtures are rery similar to each other m the 
phosphoroaoope. The line of G« oomes first, next 
tho Ghj line, then GF line. No GW citron line has 
been seen in any of these mixtures. 


In a paper read before the Royal Society, June 18th, 1885*, I 
described the phosphorescence spectrum given by a mixture of 
• ‘ Phil. Trans ,’ 1886, Part II (p. 716). 
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61 pert* of yttrium and 39 parts of samarium, and illustrated it by a 
coloured lithograph Also in a paper read before the Royal Society, 
February 26th, 1886,* 1 described and figured the phosphoreooent 
spectrum of an earth obtained in the fractionation of yttna whioh 
was identical, chemically and spectroscopically, with an earth dis¬ 
covered by M de Mangnao, and provisionally called by him Y« I 
repeat here these spectra, with the spectrum of yttrium added for 
comparison Omitting minor details, it is seen that the Y« spectrum 



is identical with that of the mixture yttrium 61, samarium 89, with 
one important exoeption—the citron line of Gi in the former spec¬ 
trum is absent in the latter Could I by any means remove GK from 
the mixture of yttrium and samarium the residue would be Y* I 
have little doubt that this will soon be accomplished, but in the 
meantime the phosphorosoope enables us to remove the line of G< 
from the mixture It is only necessary to add strontium to a suitable 
mixture of yttrium and samarium and new the phoepboreeoing 
mixture in the instrument when the wheel is rotating rapidly, to 
obtain a spectrum whioh is indistinguishable from that of Ya 

In the search for bodies giving discontinuous phoephoresoent 
spectra I have submitted a great number of earths and combinations 

* * Soy Boo Proc ,* vol 40 p 88& 
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to the eleotno discharge in t*ouo, and hare noted the results Ah 
the superficial phonphoreaoence apart from the composition of (ho 
emitted light has formed the snbjeot of several reoent papers by my 
fnend M Leooq de Boisbaudran, before the Aoadimie des Sciences, 
it may be useful if I place on record some of the more striking 
facts whioh have thus oomo under my notice The bodies are 
ananged alphabetically, and, unless otherwise explained, were tested 
in the radiant matter tube in the form of ignited sulphates 

Alumina, m any of the forms which give the crimson hue (X6942 
—6937) has a very persistent residual glow In the phosphorosoope 
rubies shine with great brilliancy This phosphorescence of alumina 
has recently been the subject of a paper read before tho Royal 
Society • 

Antimony oxide with 96 per cent of hme (in the form of ignited 
sulphate) White phosphoresoenco, the spectrum showing a broad 
space in the yellow, cutting the red and orange off In the phos- 
phoroscopes the residual glow is very strong, and of a greenish colour 
The spectrum of the residual light shows that the red and orange 
are entirely obliterated, leaving the green and blue very luminous 
Antimony oxide with 99 per cent of lime gives a pale yellowish phos¬ 
phorescence, whioh on heating turns red In other respects it is Idee 
the 6 per cent mixture 

Ancmout acid with 99 per cent of lime gives a greenish-white 
phosphorescence like pure calcium sulphate 

Barium 5 per cent, calcium 95 per cent —The sulphates phos¬ 
phoresce green, with specks of yellow and violet The spectrum is 
continuous, with sbght concentration in the red, groat concentration 
in the green, and m the orange a broad black band hasy at the 
edges 

Bitmutk 15 per cent, calcium 85 per cent phosphoresces of a bright 
reddish-orange The spectrum shows a tolerably sharp and broad 
dark band in the red and orange, and a strong concentration of light 
m the green and blue, the spectrum being continuous and divided 
into two parts by a black band m the yellow, as in the case of the 
antimony calcium spoctrnm In the phosphorosoope the red and 
orange disappear and the green and blue remain Bismuth 7 per 
cent, calcium 93 per cent —The action is similar to the 15 per cent 
mixture, except the colour of the phosphorescence, whioh is whiter 
In the phosphoroscope the red and orango below tho dark band is out 
off With 2 per cent of bismuth the same phenomena occur With 
05 bismuth the phosphorescence is gieemsh blue and the spectrum 
is continuous, with strong concentrations in the orange and green 
The phosphorosoope outs off the red and orange 


• Boy Soo Proo ' rol 48 1887 p JS 
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OadtMtm 1 per oent, calcium 99 per oent —Similar to oalcmxa 
sulphate, q v 

Calcium sulphate was prepared from a colourless and transparent 
rhomb of Iceland spar which had been need for optical purposes It 
was dissolved in mtno acid, the nitrate was decomposed with distilled 
snlphuno acid, and the ignited sulphate tested in the tube The 
phosphorescence is bright greenish bine without hands or lines In 
the phosphoroscope the oolonr is a rich green the spectrum shows 
the red and orange entirely cut off, leaving the grton and bine, the 
blue is especially strong 

Calcium sulphates prepared from Professor Breithanpt s calottes* 
were re examined All phosphoresce with the normal greenish blue 
glow of oalmum, exoept No 11, which gives a reddish glow A 
minute trace of samarium was found in this calcite, but nqt enough 
to affect the colour of the glow In the phosphorosoopei all the 
specimens give a continuous spectrum beyond the yellow the red and 
orange being out off se usual 

Chromium 5 pei oent, calcium 95 per cent, as sulphates, gives a 
pale reddish phosphorescence In the phosphoroscope the oolour is 
green, and the red and orange are out off 1 per oent of chromium 
with calcium phosphoresces gieou m the oold, and becomes a red 
when slightly heated The behaviour of chromium with aluminium 
lias already been described f 

Copper sulphate with 95 per oent calcium sulphate behaves like 
calcium sulphate 

Diamonds phosphoresce of various oolours Ihoee glow mg pale 
blue have the longest residual glow, next oome those phosphorescing 
yellow I am unable to detect any residual glow in diamonds 
phosphorescing of a reddish oolour A large diamond of a greenish 
hue, very phosphorescent shines almost as brightly m the phosphoro- 
scope as out of it 

Qlucina phosphoresces of a rich blue oolour 1 here appears to be 
no residual glow with this earth in the phosphoroscope 

Lanthanum —All the specimens of lanthanum sulphate I have 
examined m the radiant matter tube phosphoresce of a reddish 
oolour and give a broad hasy band in the orange, with a sharp line 
—1/\*280—superposed on it This is identical with the line of G«, 
one of the constituents of the samarium phosphorescent spectrum 
Calcium added to lanthanum changes the colour of the phosphorescence 
from red to yellowish, and brings out yttrium and samarium lines, 
these metals being present as lmpuutaes, the Gi and G« lines are also 
seen, but the space which should be ocoupied by the G/tf green is now 
n daik spaoe I have shown that when Qi, G*, and Qfi are present 
• Plul Trail 188o Part II (p 607) 
t Boy Hoc Proo vol 42 p 28 tt seq 
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in very small quantities with lime, the lines of Qt and Q» are 
intensified, while that of Qfi u weakened Thu new reenlt seems to 
show that if only a small trace of Q$ is present with lime and 
lanthanum, the green line is cot only suppressed, but the quenching 
action has actually extended so far as to neutralise that part of the 
continuous lime spectrum having the same refrangibihty as the Qfi 
line, the result being a black space in the spectrum In the phos 
pborosoope the line of G* u risible at tho slowest speed, Go oomes in 
at an interval of 0 0035 second, and the G* lino immediately after¬ 
wards 

Lead sulphate, by itself, in the radiant-matter tube glows with a 
nearly white oolonr, giving a oontinuefua spectrum In the phoe- 
phoroscope the red and orange are cut off, leaving a strong concen¬ 
tration of light m the green and blue 5 per cent of lead added to 
oalcium sulphate phosphoresces like lime 

Magnetla phosphoresces pink 5 per cent with lime, as sulphates, 
give a greenish phosphorescence, with a tendency to turn red as the 
powder heats As the Oriental ruby contains between 1 and 2 per 
oent of magnesia, a mixture was prepared of acetate of alumina 
with 2 per cent of magnesia, and tested after ignition It gave no 
spectrum or lines This was done to see if the oiimson line of 
aluminium might be due to the presence of magnesia 

Nickel added to calcium sulphate in the proportion of 5 per cent, 
makes no alteration in the nsnal phosphorescent phenomena of 
calcium 

Poiatnum, 5 per cent, added to calcium sulphate gives a bright 
phosphorescence, and made the residual glow very persistent 

Samarium —The phosphorescent behaviom of this body, alone and 
mixed with other snbstanoes, has been fully described in my paper on 
samarium • 

Scandium, either in the form of earth or sulphate, phosphoresces 
of a very faint blue oolonr, bnt the light is too feeblo to enable a 
spectrum to be seen Addition of lime does not bring out any lines 
Sodium sulphate mixed with an excess of calcium sulphate gives a 
greenish tinge to the nsnal colour of tho phosphorescence The 
sodium line is visible in the spectrum 

Strontm in the radiant-matter tnbe glows with a noh bine colour, 
showing in the spectroscope a continuous spectrum with a great 
concentration of light in the blue and violet In the phosphorosoope 
the colour of the glow is bright green, showing in the spectroscope a 
continuous spectrum, with the red and bine ends out off A mixture 
of calcium sulphate with 5 per cent of strontium sulphate behaves 
Uke calcium sulphate alone 


• Phil Tran. 1885, Put II (pp 708-721) 
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Thorium, u oxide or sulphate, refuses to' phoephoresoe, and the 
tabs rapidly becomes non-conducting. A tube with thoria at one end 
and a phosphorescent earth such as lime or yttria at the other end, 
and furnished with a pair of poles near each end, at a particular 
exhaustion is non-oonducting at the thoria end, while it oondnots at 
the yttria end. If the wires of the induction coil are attached to the 
poles at the thoria end, no current will pass; rather them pass through 
the tube, the spark prefers to strike across the spark gauge—a striking 
distance of 87 mm.—showing an electromotive force of 34,040 volts. 
Without doing anything to affect the degree of exhaustion, on trans¬ 
ferring tho wires of the induotion coil from the thoria to the yttria 
end, the spark passes at once.' To balance the spark in air the wires 
of the gauge must be mado to approach till they are only 7 mm. 
apart, equivalent to an electromotive force of 6440 volts; the fact of 
whether thoria or yttria is under the poles making a difference of 
27,600 volts in the conductivity of tho tube. The explanation of this 
notion of thoria is not yet quite clear. From the great difference in 
the phosphorescence of the two earths, it is evident that the passage 
of tho electrioity through these tubes is not so much dependent on 
the degree of exhaustion as upon tho phosphorogenio property of the 
body opposite tho poles. This view in supported by the foot that the 
thoria may be replaced by a metal wire, when the same obstructive 
notion will result. 

Lime does not give phosphorescent properties to thoria, if this 
earth be pure, but it brings out the lines of yttrium and samarium 
which are almost always present in small quantities in thoria unless 
it has been specially pnrilied. 

Tin with 95 per cent, of lime gives the lime phosphorescence only. 

Thulium and erbium together phosphoresce with a green light, 
.giving the erbium speotrnm already described beforo this Society.* 
There is, in addition, a faint blue line apparently doable (see 
“Ytterbium”). The addition of lime causes the mixture to phos¬ 
phoresce of a pale blue colour. The spectrum now shows a bright 
bine band, in the same position as the faint doable blue band seen in 
the absenoe of lime. The blue line of Qm is also seen, and a faint line 
of Gi. The deep red line of Qrj, one of the constituents of the 
ordinary yttna spectrum, is prominent in this speotrnm. 

Tung lien and uranium, each mixed with 95 per cent, of lime, only 
give the lime spectrum. 

Ytterbium .— I have not yet succeeded in preparing this body of 
trustworthy parity; but through the kindness of Professor Cl&ve, 
M. de Marignno, and Professor Nilson I have been enabled to 
experiment with specimens of ytterbia prepared by these ohemistg. 


' Boy. Soo. Proo.,’ toL 40, p. 77, flg. I (Jsuusry 7,1886). 
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Profo—or Clare’s ytterbiu, in the form of sulphate, gives in the 
radiant-matter tube a bine phosphorescence, the spectrum of which 
shows a strong double blue band,* together with traces of the G8 and 
the erbia green lines. The addition of lime broadens the blue band 
and makes it single. Professor Cldve writes that this ytterbia may 
contain some traces of thulia, perhaps also of erbia, but soaroely any 
other imparities. Measurements in the spectroscope give the follow- 
ing approximate results. 


Scale of 
speetroeoupe 

X. 

IF' 

Remarks. 

8-63 

4626 

4678 

Commencement of first blue line. 

8-64 

4674 

4780 

This edge is very hasy. 

Centre of the first blue hue. 

8-45 

4524 

4885 

End of first blue line. 

8-44 

4618 

4898 

Centra of dark interval between the 
two blue lines. 

8-40 

4476 

4994 

Centra of second blue line. This 
line is narrower than the first 


The following are measurements taken with the mixture of this 
ytterbia and lime :— 


Beale of 

K 

l 

Remarks. 



* 


8-71 

4674 

4677 

Up to this point then is the con¬ 
tinuous spectrum of li-caloium. 
Hero a black space oommenoee. 

8-615 

4666 

4819 

Commencement of a hasy bine band. 

8-476 

4688 

4866 

End of hasy bine band. This band 
is of considerable brilliancy. 


These bine bands are seen much fainter without lime, and are about 
as strong in the mixture of thulia and erbia with lime described above. 
I had ascribed them to ytterbia, when Professor Nilson kindly 
forwarded me a small specimen of ytterbia, considered by him 
perfectly pure, and used for his atomic weight determinations. 
This ytterbia gives absolutely no blue bands. The origin of these 
hands therefore remains uncertain. 

e This b the band spoken of in my Royal Society paper of 9th June last (‘ Boy. 
goo. Proo.,’ roi. 40, 1886, p. 607), provisionally called Sy, and ascribed to ytterbia. 
If it is not due to ytterbia it is evidence of a new body. 
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Ttterbia from Professor Nilson, in the form of sulphite, refuses to 
phosphoresce without the eddition of lime. When Urns is added it 
only brings out traoes of the phosphorescent bends of Gc, G/3, end G«. 
Evidently t)iese ere impurities. 

Ttterbia from M. de Marignac is identical with that from M. Olive, 
as far as my examination can go. In sending me this ytterbia M. de 
Marignac warned me that he was very far from thinking it pnre. 

Yttrium .—During the fractionation of the higher fractions of 
yttria (+6,118 and 119), a very sharp green line sometimes makes 
its appearanoe, situated between G/3 and G7 (approximate poaition on 
the 1/X* scale, 325). It is very faint, and is not oonnected with the 
orange line of Si, although it is as sharp. The yttria showing these 
lines phosphoresces of a transparent golden-yellow colour, the 
fraotions at the other end phosphorescing yellowish green. 

I have previously described the action of a large number* of bodies 
on the phosphorescence of samarium * The experiments resulting in 
the following observations wero tried at about the same time. I will 
desoribe them in alphabetical order. Unless otherwise mentioned all 
the mixtures were in the form of anhydrous sulphates. 

Yttrium 5 per cent, aluminium 95 per cent.., gives a good yttria 
spectrum; the bluo lino of G* is very distinot, and the doable green 
of G/3 is well divided. In the phosphorosoope the G/3 and G« lines 
first appear simultaneously, then the Gi line. 

Yttrium 995 per cent., bitmuih 0 5 per cent.—The spectrum is 
bright, and on close examination a trace of samarium green, G% is to 
be detected forming a wing to the Gi line. In the phosphorosoope 
the citron line of Gi entirely disappears and the samarium doable 
green line, which out of the phosphorosoope is almost obscured by the 
great brightness of Gi, now appears distinctly, together with the green 
G/3 line Yttrium 95 per cent., bismuth 5 per cent., gives the usual 
yttria spectrum. No Gi line appeass in the phosphorosoope at any 
speed. At first only the G 3 line is seen, and next the Ga line appears, 
at in yttria. On gradually increasing the percentage of bismuth the 
spectrum of yttna grows fainter, until with 95 per cent, of bismuth 
the phosphorescence is bad and the spectrum faint. 

Yttrium 5 per cent., cadmium 95 per cent., gives a brilliant phos¬ 
phorescence, bat the spectrum is almost continuous. In the pboa- 
phorosoope a faint concentration of light is seen in the green, which 
becomes sharper as the speed increases. 

The action of calcium on the phosphorescence of yttrium has 
\ already been described. 

\ tttrium and cerium .—Cerium has the effect of deadening the 

• " On Badisut Matter Spectroscopy. Fsrt 2—Samarium.” ‘ Phil. Trans.,’ 1885, 
Part II (pp. 710—785). 
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brilliancy of ths y tt num spectrum in proportion to the quantity 
added All the bands remain of their normal sharpness 
Yttnum 5 pet cent, copper 95 per oent, phosphoresces very 
feebly 

Yttrium 90 per cent, didymivm 10 pei cent—This mixture gives 
a good yttna spectrum Tttnum 70 per cent, didymmm 80 per 
oent, phosphoresces very fairly and gives all the usual lines 

Tttnum 50 per cent, didymmm 50 per cent, refuses to phos¬ 
phoresce The tube is either too full of gas to allow the phosphor¬ 
escence to be seen or it becomes non conducting When the mixture 
is illuminated by the glowing gas the absorption lines of didymmm 
the green are seen With higher proportions of didymium tho same 
results are produced On adding 25 por cent of lime to the mixture 
containing 50 per oent of didymmm the yttna spootrum is brought 
out very well Lime added to a mixture of 10 pei ctnt yttna and 
90 per oent didymmm bnngs out the yttrium spootrum fairly, but the 
tube soon becomes non oondutting 

Yttrium 5 per cent and ylucxnvm 9 o per cent gives a bnght phos¬ 
phorescence, but the definition of the spectrum lines of yttna is bad 
Yttrium 5 per cent thallium 95 per cent—No spectrum is given 
by this mixture it turns black and refuses to phosphoresco 

Yttrium 5 per oent, tin 95 pei cent, phosphoresces faintly, the lines 
being very indistinct 

Yttnum 5 per oent, titanium 95 per cent, acts liko thona, and the 
tube beoomes non conducting 

Yttnum 6 pei cent tungsten 95 per oent —This phosphoresces of n 
bnght yellow colour, the spectrum is bnlliant but the lines are not 
sharply defined In the phosphoroscope tho colour beoomes greenish, 
and the spectium shows only the green lines of CW 

Yttnum 6 per cent, tine 95 per oent —The phosphorescence is of 
a pale yellowish white, and the spectrum is veiy bnlliant, being equal 
to that shown by 30 per cent of yttnnm with banum calcium, mag¬ 
nesium, or stiontmm In the phosphoro*cope the oolour becomes 
reddish, and the G/9 green line is the first to come No citron line is 
seen If the yttnum contains a trace of lanannm, the samarium 
spectrum, whioh is scaioely seen under ordinary cironmstanoes, now 
comes out distinctly 

Zinc sulphate mixed with 95 per oent of calcium sulphate phos¬ 
phoresces a bnght bluish green colour, tho spectrum contains no 
hands or lines 

Zmo sulphide (Sidot’s hexagonal blende*) —This is the most bnt- 
liantly phosphorescent body I have yet met with In the vacuum 
tube it begins to phosphoresce at an exhaustion of several inches below j 

• ‘ CompU* Bendm,' Tol 68 1886, pp 009-1001) toI 68,1866 pp 188—18$ 
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• radium. At first only a green glow can be seen, as the exhaustion 
get* batter a little bine phosphorescence comes round the edges At 
a high exhaustion, on passing the current the green and bine glows 
tar about equal in brightness, but the blue glow vanishes unme- 
liately the current stops, while the green glow lasts for an hour 
or more In the phosphoroscope the blue glow is only seen at a 
very high speed, but the green glow is seen at the slowest speed, and 
the body is almost as bright in the instrument as ont of it Somo 
parts of a crystalline mass of blende which, under the notion of 
radiant matter, leave a glow with a bright bine oolour, leave a green 
residual light when the current ceases, other parts which glow bine 
beoome instantly dark on stopping the ooi rent 

The different action of calcium, barium, and strontium on the con¬ 
stituents of yttrium is an additional proof, if confirmation be needed, 
that the bodies I have provisionally called Ga, Gp, G«, Ac,,* are sepa¬ 
rate entities It may be as well here to collect together the evidonoo 
on which I rely to support this view I will take the bodies 
tenatim — 

Ga —An earth phosphorescing with a blue light, and showing in 
(he spectroscope a deep blue lmo, of a mean wave-length 482 
This earth oocnrs m different proportions in purified yttna from 
different minerals Samarskite, gadohmte, hielmite, monaute, xeno- 
time, enxemte, and arrhemte contain most Go, whilst fluocente and 
oente contained notably lees of this constituent The addition of 
lime brings oat the phoBphoreecenoe in Ga in advance of that of the 
other constituents The behaviour in tbe phosphorosoopo of Ga when 
mixed with the alkali no earths also points to a difference between it 
and its associates With lime the blue phosphorescent band of Ga 
comes into view at a very low speed, the order of appearance with a 
small quantity of lime being Gp, Ga, Qt, and with a large quantity 
of lime, G t, Ga, G(3 Employing strontia instead of lime, the order 
of appearance in the phosphoroscope when the quantity of strontia 
is small is Qp, G<t, Gip and when the quantity of strontia is in exoess, 
Go, Gif, Gp Baryta in small quantity bungs out the lines m the 
phoephorosoope m the following order Gp, Ga, Gij, but when the 
baryta is in exoess the order is Gp, G7, Ga The chemical position 
taken up by Ga in the fractionation scheme precludes it from being 
due to the bodies I have called Gp, G7, G«, Gf, 87, or S« It closely 
aooompames Qt (the earth giving the atron line), concentrating at 
the least basic end, and I have not yet succeeded in effecting a sepa¬ 
ratum of the two If therefore, Ga is not a separate entity, its bine 
line must be due to the citron-band-forming body called Qt The 
difference between Ga and Qt is brought ont in a marked manner by 


• * Boy See Proo ,’ vol 40,1886, p 608 
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the phosphorosoope when baryta or strontia is present the citron 
line of Go being entirely suppressed while the bine line of G* u 
bionght out with enhanced, brilliancy lor these reasons I am m- 
dined to regard G* as a separate body although the evidence in 
fai onr of this view is not so strong as in the caso of some of its other 
associates 

G/9—An earth phosphoiescmg with gioen light, and showing in 
the spectroscope a closo pair of greenish blue lines of a mean wave¬ 
length of 645 This earth can be separated by chemical fractionation 
from the othor constituents of yttrium It concentrates at the most 
basic end, and is present in tlio samarium which invariably makes its 
appearance at this end of the fiactionation of yttrium It is one of 
tho prominent lines in Ya where also it accompanies some of the 
samanum lines G/9 however, is not a constituent of samai mm, for 
it is easy to panfy samanum by chemical means so that it does not 
show a traco of tho G/3 green linos although it is very difficult to get 
G/9 froo fiom some of the samanum lines Tho lesidual phosphor¬ 
escence of G/3 is very eonsidei able ind its gieen lines show first in 
tho ph »phoroscope when only yttnnm is present The addition of 
linio keeps back the glow of G/3 and brings forwaid that of Gf 
Strontium and bauum act on G/3 veiy differently to limo A small 
quantity of stiontium brings forwaid the lesidual glow of G/3 whilst 
in large quantities strontium keeps the phosphoresoonee of G/3 back 
to tho last 

G 7 —An earth phosphorescing with a groen colour, and showing in 
the spectroscope a green line having a wave length of 5b4 1 his is 

one of the loast definite of all the supposed new bodies It appears 
to he a constituent of samanum oc< urnng in tho fractionation of 
jttnum among the most basic constituents connecting yttnnm and 
samanum Its point of maximum intensity is chomioally, seiy well 
maiked and is at a different part of tho fractionation scheme to those 
of the other lines of samanum espt mlly Go On dilution with lime 
the phosphorescent lino of G 7 vanishes before that of Gc 

Qf —An eaith phosphorescing with a citron coloured light, and 
showing in the spectroscope a citi on 1 no having a wavo length of 574 
Ga is ono of tho least basic of all thi bodies associated in yttrium, 
oooun ng almost at one extremity of the fractionation It is not 
very difficult to separate chomically Ga from all the othei accompany¬ 
ing bodies oxcipt the one which 1 have called Ga (giving the deep 
blue line) Not only can Gc be obtaim d freo from the other four con¬ 
stituents of yttnnm, bat the body celled by M do Mangnae Y* is a 
proof that the other four components of yttnnm can be obtained quite 
free from Ga Lime lntensifus the phosphorescence of Go and* 
deadens that of G/3, while strontium has the opposite action Th^ 
behaviour of Gc in the phosphqroscope, when mixed with lim 

VOL xlii x 
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■tjroiitia, or baryta, also affords a striking evidence of individuality, 
lime enhancing the residual glow, while strontia and baryta altogether 
anppreBs it. 

Ge.—An earth phosphorescing with a yollow colour, and, in the 
spectroscope, showing a sharp yollow line having a wave-length of 
597. It is seen in the samarium spectrum as a sharp yellow lino 
superposed on a hasy double band. As I have already pointed out, 
GvJfractionaLes out high up among tho most basic earths, and gener¬ 
ally accompanies lanthanum. In tho phosphoioscont spectrum of 
lanthanum the lino G«. is seon quite free from tho lines of other 
bodies. 

G£.—An earth phosphorescing with a rod light, showing in the 
spectroscope a red lino of wave-length 619 This body is always more 
plentiful in yttrium obtained from samarskito and cente tlfan from 
gpdolinito, hielmite, and enxenito, and is almost absent in yttrium from 
xenotimo. Gf is of about intermediate basicity Working with 
samarskito yttria, Gf becomes moat brilliant after the line of G7 
has completely disappeared Further fractionation causes the line 
of Of to fade out, and tho citron and bluo lines are then loft. 

The phosphorescence of ti£ is developed to a different extent 
according to tho metal with which the yttria is mixed. The order 
(beginning with the substance having tho greatest action) is siroo- 
nium, tin, aluminium, bismuth, glucimun. 

G7.—An earth phosphorescing with a deep red light, and showing 
in the speotrosoope a red line having a wave-length of 647. Like its 
fellow red constituent, G7 occurs most plentifully in samarskito 
yttrium, and scarcely at all in yttrium from hielmite, euxenite, and 
cento. It is tho first of tho strictly yttrinm constituents to separate 
out, on fractionation, at the most basic extremity, leaving Go, G/9, G£, 
and Gf. In almost all samples of yttria, except when very highly 
purified, G7 is soon vory brilliantly, and by its side can he detected the 
faint red band of samarium In the pliosphoroscope the line of G7 is 
the last to appear when yttria alone is being observed; strontia and 
baryta enhanco the residual glow of G7, strontia in moderate 
quantities bringing it out before that of Oft, while baryta biings it oat 
after G0. 

85.—An earth giving in tho spectroscope when phosphorescing a 
yery sharp orange line of wave-length 609. I havo already* dis¬ 
cussed the olaims of thiB earth to bo considered a separate entity. It 
is not present in the rare earths from gadolmite, xenotime, monasite, 
hielmite, euxenite, and arrhonito; it is present in small quantity in 
■write, and somewhat more plentifully in samarskito. In samarskite 
ttrium it concentrates at a definite part of the fractionation. Its 
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sharp orange lino is not strong enough t# bo seen in the phosphoro- 
scope A little calcium entirely suppresses tho orange lino, while 
samarium 01 yttrium seems to intensify it * 

In addition to the above eaithH, it is not improbable that the sharp 
gioon line (1/X°325) mentioned undei the heading “ Yttrium ” 
may bo caused by still another earth 

The brilliant and clinrooteustie spark spectia yul led when certain 
elements aie volatilised and rtndeied incandcseeni by tho spark flora 
apoworful induction coil are relied on by chemists is an indisputable 
proof of the identity of such elements Bearing this in mind I have 
endeavonied toasceitam how these yttrium constituents would behave 
in respect to tho spaik spectium Do tho definite system ot lines in 
tho old yttrium spaik spectrum belong to one constituent only or are 
tho yttrium lines bioken up and distubuted among tho different 
bodies I havo designated as Go, G/3, Ac P Also do the other con¬ 
stituents posnoM special spuk spectra of their own P Yeiy cartful 
and long continued cxpeiimcnts have shown me that neither of these 
hypothetical casts occur 

The spaik spectrum given by old yttrium is shown in the drawing 
(fig 5) It is chit fly characterised by two very strong groups of 
lines in the led and orange I now take the earth Gi This occurs 

hie 6 



near one end of tho fractioning, and not only differs from tho patent 
yttrium in its phosphorescent spectrum, but by virtno of the process 
adopted foi its isolation it must hkowiso differ in its chemical pro¬ 
perties On examining its spark spectium I see absolutely no 
difference between this spectrum and the one givon by old yttrium 
I now pass to the other end of the fractionation of yttrium, where 
occurs a concentration of a body giving a totally different phospho¬ 
rescent spectrum to the one at the first end And it also differs 
chemically from old yttrium, and in a more maiked manner from its 
brother, Gi, at the otlior extremity of the fractionation Here again 
its spark spectrum is perfectly identical both with old yttrium anc^ 
with Gi, and however closely I examine > v a three spectra in m, 
laboratory, the whole system of lines is still identical 
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Respecting the theoretical considerations involved in these results, 
I see two possible explanations of the facts brought forward Ac¬ 
cording to one hypothesis, lesearoh has somewhat enlarged the field 
lying between tho indications given by ordinary coarse chemistry 
and the searching scrutiny of the pi ism Our notions of a chemical 
element have oxpanded Hitherto the molecule has been regarded 
as an aggregate of two or more atoms and no acoount has been taken 
of the architectural design on which these atoms have been joined 
We may consider that the Btrnetnre of a chomical element is more 
complicated than has hitheito boon supposed Between the molecules 
we are accustomed to deal with m cnemical leactions and the 
ultimate atoms como smaller molecules or aggregates of physical 
atoms these sub molecules diffci one from the other, accoiding to 
the position they occupied in the yttnum edifice » 

An alternative thorny commonds itself to chomists to the effect 
that the various bodies discussed above aro now chemical elements 
diffeung fiom yttiium and samaiium in basic powers and Bevoral 
other chom ir al and physical propci ties but not sufficiently to enable us 
to effect any but a slight separation Ono of these bodies, G£ gives 
the phosphorescent citron lino and also the brilliant eleotnc speotrom 
Tho other seven do not give electi ic spectra which can bo recognised 
m tho pteseneo of a small quantity of GJ whilst the eleotnc spectrum 
of G t is so Gcnsitiro that it shinos out in undimmishcd bnlliancy 
even when the quantity piesent is extremely minute In the pi mess 
of fractionation, G», Qft, Go, Ac aie spread out and more or less 
separated from one another yet the separation is imperfect at the 
best, and at any part there is enough G« to reveal its piesonee by 
the sensitive electno spark test Tho arguments m favrui of oftoh 
theory are strong and pretty evenly balanoed The compoun 1 mole¬ 
cule explanation is a good working hypothesis, which 1 think may 
aocount for the facts, while it docs not postulate tho rather heroic 
alteinative of calling into existence tight oi nine now eltmints to 
explain tho phci omcna However 1 submit it only as an hyp tl ibis 
If further losoaroh shows the new element theory is more reason tble, 
I shall bo tin fust person to accept it 

Neither of these thcones agrees with that of M Lccoq de Bois 
baudran, who also has worked on these earths for some time He 
considers that what I have callod yttnum is a tine element giving 
a characteristic spark spectmm but not giving a phosphorescent 
specti am t» vacuo The bodies giving the phosphorescent spectia he 
considers to be impuiities in yttrium These he says are two m 
1 number, and he has provisionally named them Z* and Zy9 By a 
method of his own, differing from mine, M de Boisbaudian obtains 
moreaceut spectra of these bodies, but then fluorescent bands are 
vtremely hazy and f nut, rondci ing identification difficult Some 
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of (hem fall near lines in the spectra of my Gy? and Gi At fiist 
sight it might appear that his and my spectra were dne to the 
same bodies, but according to M de Bowbaudran, the chemical pro¬ 
perties of the earths producing them aie widely distinct These 
giving phosphorescent lines by my method occur at the yttrium 
extremity of the fractionation wheie his fluorescent bands are scaicely 
shown at all, whilst his fluorescent phenomena are at their maxi¬ 
mum quite at the terbium end of the fractionation whero no yttnum 
can be detected even by the direct spaik, and where my phospho¬ 
rescent lines are almost absent 
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Feb> vary 24 1887 

Piofcssor STOKFS D C L President, in the Chau. 

The Picsents received were laid on the tablo, and thanlcs ordeied 
for them 

The following Papers were read — 

I “Pioblems in Mechanism regarding Truns of Pullojs and 
Drums of Least Weight for a given Velocity Ratio w By 
IIlnry IlfNNFSbY, FRS ProfiRsor of Apphed Mathc- 
maties and Mechanism m the Royal College of Science, 
Dublin Received Febiuary 7, 1887 

Eighty yeais have elapsed since Dr Thomas Young* published a 
theorem which has smeo found a place m most of the scientific 
treatises on mechanism This theorem states that in order to obtain a 
given value or velocity ratio by a tram of toothed wheels and pinions 
of which all the pans are equal, the ratio of the number of teeth in 
each wheel to the number in each pinion should be as 359 to 100, 
when the total number of teeth in the train is the least possible The 
late Professor Willis has remarked that the rule deduced from this 
theorem seemed not to have much practical utility, but he illustrates 
his remarks by referring to the trains of wheels and pinions em 
ployed in clockwork As trains of wheels, pnlloys and diums, are 
largely employod in many machines whose arrangements gieatly differ 
from clockwork and especially in the processes of textilo manu¬ 
facture, it may be interesting to examine whether there are not other 
conditions besides the number of teeth, which may be economised m 
the transformation of a movement of rotation ironi a moderate rate 
of velocity to a very high late of velocity t As tho numbei of teeth 
on a wheel or pinion is proportional to the circumference of the pitch- 

* 1 Natural Philosophy toI 2 p 60 4to 1807. The preface to this volume 
u dated March 1807 

f In tome spinning machines it n said that the spindles rotate with velocities 
of from GOOO to 7000 turns per minute and 1 igh velocities are also often required 
for reels bobbins and fliers Between these rapidly rotating parts of the machines 
and the prune mover trains of pullejs drums or wheels are usually interposod the 
value of each such train depending on the required increase of velocity — [Eeb 21, 
1887] 
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circle, it may be understood as giving a rule for deducing the ratio of 
the diameters of the wheels and pinions so that the sum of all their 
circumferences shall be a minimum. Although economy of the cir¬ 
cumferences of wheels, speed pulleys or drums in a train may not be 
of muoh importance, is it not possible that economy of total weight 
of material employod may be worthy of inqniry P Reduction of weight 
in tho parts of a machine is not merely economy of materials em¬ 
ployed in the structure, hut in the case of moving parts it involves 
eoonomy of work by lessening the rosistancos duo to friction. The 
following problems have arisen from such considerations, and in all of 
them, as well as in that studied by Young, if we call m the number of 
similar pairs of wheels, speed pulleys or drums, C the circumference 
of a laige wheel, Ac, and a of a small ono in the somo train, the 
velocity ratio or value of tho tram u will bo— 

u=(C /e)- = (R,7)» = a-, 


where x represents the ratio of the radii R and r of a large and a 
small wheel or pulley. In all such problems wo have thoroforo 

m = log «/log a, 

and whether tho question relates to tho volume or circumference of 
tho wheels or pulleys the usual operations of tho calculus will in 
every case lead to a minimum. 

The volumes or circumferences of pairs of pulleys or wheels with 
radii having the ratio a may in general be expressed in tho form 
Fa = a+ba+ro*, where a, 6, and c are constants. On multiplying 
this by m we have— 

V = |2£2 Fa. 
log* 

Hence J_*I = ZfL _ Fg 

log u da log a a (log x) 1 

1 d*V _ F"a _ 2F'q Fa 2Fa 

logtt da*. loga a(loga)* a*(loga)* a*(loga)* 


But as 


_ F"q Fa_2 / F'q _ Fa 

— log a " r o^(log x) i a log a \log a a(log x) 


dx ’ log a a(loga)* 

&V _ /tv'-l Fig \ 


and 
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and from the form of F'x m these problems F''ai and Fx are positive, 
therefore JFV/dx 3 most bo always a positive quantity; whence the 
value of x obtained in all such problems makes V a minimum. 

Small pulleys earry ing cords are usually made sohd and approxi¬ 
mately cylindrical, in a tram of such pnlleys tho volumes of the 
large and small cylinders may bo denoted by vhlt* and z-bi*, where 
h is tho common thickness of each cylindrical disk; the total volume 
of the tioinwill therefore he— 

V= wv6(H a + i s ) = mrhr^RV + l), 

or using tho preceding notation, 

v = 

logo 1 log a 

• i_ rf Y _ (1+.* 9 ) 

K tlx ^(logx)* ’ 

which gives log x = i(l+* _s ); 

this equation is approximately satisfied by making x = T895. Honco 
the ratio of tho radii may be practically set down as 19 to 10 for a 
train of pulleys of minimum lolumo or least weight of material. 

In drums the burface currying the band is broad, and thiB surface is 
commonly supported by spokes w bioh radiate fi-om the axlo, while 
sometimes, as in pulleys, the drum consists of a disk with a broad 
hoop If the thickness of tho hoop and its disk arc equal, a problem 
similar to the foregoing can he easily solved. Tho question is, in a 
Borios of large and small drums if all the largo are equal and also all 
tho bmall, reqmrod tho ratio of their diameters so that the entire 
train bhall luvvo the least volume for a given relooity ratio. Let t 
ho the uniform thickness of tho disks and hoops of tho drums, R and 
r the radii of a small and a largo disk, b tho breadth of the hoops, we 
shall have for the total volumo of tho tram 

V = »nr[2(R+v)i&+*(R?+t*)] t 

when t is so small compared to R, r, and b, that quantities multiplied 
by <*, &c , may bo omitted. 

The above may be written 

v = n^c*(»+w+*+i]. 

which gives, by the usual process of making dVJdx = 0, 


_ g(»+lWr+«*+l 

2 x(blr+x) 
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In the particular case whore r is a multiple of b, or r = nb, 


and if n = 1, 


log.e 


2(.r+l)+t,(.r3-H) 
2u(«j:+1) ’ 


logJ 


l + (-r + l) 3 
**(■*+1) ‘ 


This eq nation gives » — 2 21 nearly, or practically a ratio of 11 to 
5 lor tho diameters of the large and Rmall drums m such a train ns 
has been indicated. 

Although it is manifest that tho volume of a single pair of pulleys 
with the same velocity ratio as this train of five pairs would be con¬ 
siderably greater, it may be lntci-esting to make tho comparison. If 
R' be tho radius of tho large pulley in tho single pair, and as before 
r of tho small pulley, then R’ = ur, and the volume of the pair 
V' = vf(it a +l)»j As before, the volume of the train is V = 
«/(/•+!) A 


Hence 


Y _ _w s + l_ _ J*-+l 

V ” «(i J + l) «(x J +l)‘ 


If x s= 1'9 and n = 5, we shall have V'/V *= 26 64, or the volume of 
a single pair would be more than twenty-six times the volumo of a 
traiu of five pnirs with tho same volocity ratio. 

Another solution enn bo easily found if a train of drums were so 
constructed that the volume of the spokes supporting tho hoop of 
each drum would bo liulf the volume of a complete i}isk, in this 


V = mxf [2(11+r)h+£(R J +r 3 ) ] 


and if wo moke b = r, this gives, from ilV/Jx — 0, 


log x = ■ 


2^+2) ' 


which is satisfied by making x — 2 55, or the diameters of the largo 
drnuis would be to those of the small drams in the ratio of 51 to 20 
in a train of least weight of drams such as here desonbod. 

If in this case l in all the drums instead of being equal to r was 
equal to the greater radius R, we would have evidently 

Y = m^/[2(.e+l)r-|-i(* 3 +l)] 
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and when dVjdx — Q, 


This will bo satisfied by malting x somewhat less than 1 9, so that 
in this case the ratio of tho diameters of the drams would bo a littlo 
loss and very close to tho ratio found foi tho pulleys 
In order to illustrate the foiogoing problems a model of a train of 
pulleys and another of a train of drums made of biass were con¬ 
structed by Mr Yates In the train of pulleys all the large onos are 
1 1 inehes in diametei, and all the Bmnll are 1 inch Each of the former 
weighs 2 61 oz and each of the lattei 1058 or as there aie five 
pairs their total weight is 18 140 o i while they giro a velocity ratio 
of (1 9) s = 24 761 oi a little more than 2 If 
The train of drums consists of largo ones with diameteis of 2 55 
inches and small of 1 inch, tho hoops aro in all 0 5 inch m breadth, 
and tho spokes are half tho volume of a complete disk The weights 
of tho largo drums arc each 3 386 or of the small 0 811 oz 

There aro four pans of drums and them total weight is 16 788 oz , 
or little more than 1 lb 

1 he velocity ratio of this train is (51/20)* = 42 2825 or a little more 
than 42$ 


II ‘On tho Relation between Tiepical vnil Extio-Tropical 
Cyclones " By Hoti Ralph Abercromby, F R Met boo 
Communicated by R H bCOTi, MA, FRb Received 
Februaiy 7, 1887 

(Abstract) 

The conclusions as to the relation of tropical to extra tropical 
cyclones which tho author has derived from the researches ot whioh 
this paper gives an account, may be stated thus — 

All cyclones have a tendency to assume an oval form, the longm 
diameter may he in any direction, but has a decided tendency to range 
itself nearly in a line with the direction of propagation 

Tho centre of the cyclone is almost invariably pressed toward one or 
other end of the longer diameter, but the displacement may vuy 
dm mg tho course of the same depression 
Tropical humcanos are usually of much smaller dimensions than 
e\tra-tropical cyclones, but the central depression is much Bteeper, 
and more pronounoed in the former than in the latter 

Tropioal cyclones have less tendency to split into two, oi to develops 
secondaries, than those in higher latitudes 
A typhoon whioh has come from the tropics can oombine with a 
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cyoloae that has been formed outside the tropics, and form a single new, 
and perhaps more intense, depression 

No cyclone is an isolated phenomenon, it ib always related to the 
general distribution of pressure in the latitudes where it is generated 
An area of excessive pressure, with unusnally fine weather, precedes 
most cyclones Though the nature and origin of tins high barometer 
is iery obscure, the general character of the formation, and the 
weathtr associated with it, appear to be the same everywhere 
In all latitudes a cyclono which has been genciatod at sea appears 
to haio a reluctance to traverse a land aroa, and usually breaks up 
when it crosses a coast lino 

Aftci the passage of a cyclone in any part of the world, there is a 
remarkable tendency foronothtr to follow veiy soon, almost along the 
same track 

The velocity of piopagation of tiopical cyclones is always small, 
and the aieiagc gieatly less than that of Euiopcan depressions 

There is much less diffeienco in the tempei attire and humidity bofore 
and after a tropical cyclone than m higher latitndes The quality of 
the heat in front is always distressing in every part of the world 
The wind rotates counter clockwise round eveiy oyelone in the 
Northern Hemisphere, and everywhere os an ingoing spual The 
amount of incurvature for the same quadrant may vary daimg the 
course of tho same cyclone, but in most tropical hunicnnis the 
incurvature is least m front, and gieatost in rear, whoreas in England 
the greatest ini uivature is usually found m the right front Some 
observers think that broadly speaking tho incurvature of the wmd 
decreases as we recode fiom the Equator 

lhe velocity of the wind always mcieases as wo approach tho centre 
in a tropical cyclone, whereas in higher latitndes the stiongest winds 
and steopest giadients are often some way from the conti e In this 
pecnliauly tiopical cyclones appioximate more to the type of a 
tornado, but the author does not think that a cyclone is only a 
highly developed whirlwind, as theio are no transitional forms of 
rotating air 

Tho general circulation of a cyclono, os shown by the motion of the 
clouds, appears to be the same eieiywheie 

All ovu the world, unusual coloration of tho sky at sum iso and 
sunset is obsei ved, not only before the bolometer has began to fall at 
any plaoe, but before tuo existence of any depression can be traced 
in the neighbourhood 

Cirrus appears all round the cloud area of a tropical cyclono, instead 
of only round the front semicucle, as in higher latitndes 1 ho stripes 
of curus appear to he moie ladially from the centie in the tiopios, 
than tangentially, as indicated by the researches of Ley and Hilde- 
brandsson m England and Sweden respectively 
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The general character ot the clond all round tho centre is more 
uniform m than oat of the tropica; bnt still the clouds in rear are 
always a little harder than those in front. 

Everywhere tho ram of a cyclone extends farther in front than in 
pear. Cyclono rain hns a specific character, quite different from that 
of showers or thunderstorms, and this character is moro pronounced 
in tropical tlian in ex tra-tropical cyclones. 

Thunder or lightning ib rarely observed in tho heart of any 
cyclone, and the absence of electrical diBchargo is a very bad sign of 
the weather. Thunderstorms aro, however, abnndanl ly developed on 
the outskirts of tropical hurricanes 

Squalls are one of the most characteristic features of a tropical 
cyclono, wliero they surround the centra on all sides; whereas in 
Great Britain, squalls are almost exclusively formed along that portion 
of tho lino of tho trough which is south of the centre, and in tho 
right rear of the depression. As, however, we find that the front of 
a British cyclone tends to form squalls when tho intensity is wery 
great, tho inference seems justifiable that this feature of tropical 
hurricanes is simply due to their exceptional intensity 

A patch of blue sky, commonly known as the “ balTs-oyo,” is 
almost universal in the tropics, and apparently unknown in higher 
latitudes. The author’s rosonrehos show that in middle latitudes tho 
formation of a “bull’s-cyo” does not take place when the motion of 
translation is rapid; but as this blue space is not observed in British 
cyclones when they are moving slowly, it would appear that a certain 
intensity of rotation is necessnry to develope thiB phenomenon. 

Tho trough phenomena,—such as a squall, a sudden shift of wind, 
and change of cloud character anil temperature, just as tho barometer 
tarns to iiso, even far from tho centre—which aro such a prominent 
feature in British cyclones, havo not been even noticed by many meteor¬ 
ologists in the tropics. Tho author, however, shows that tlioro aro 
slight indications of these phenomena everywhere; and he has collated 
their existence and intensity with the velocity of propagation of the 
whole mass of the cyclone 

Every cyolone has a double symmetry. One set of phenomena, 
such as tho oval shape, tho general rotation of the wind, the cloud 
ring, rain area, and central blue space, are more or less related to a 
central point. 

Another set, such as temperature, humidity, tho general character 
of tho clouds, certain shifts of wind, and a particular lino of squalls, 
are moro or Ices related to the front and rear of the line of the trough 
of a cyclone. 

The author's researches Bhow that the first sot are strongly marked 
in the tropics, wliero tho circulating energy of the air is great, and 
thfe velocity of props gation small; while the second set are most 
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prominent in oxtra-tropioal oycloneg, whore the rotational energy is 
moderate, and the translational velocity great. 

The first set of characteristics may conveniently bo classed togethor 
as the rotational; the second sot as the translational phenomena of a 
oyolone. 

Tropical and extra-tropical cyclones aro identical in general cha¬ 
racter, but differ in certain details, duo to latitude, surrounding 
pressuro, and to the relative intensity of rotation or translation. 


III. “ A Thermal Telephone Transmitter.'’ By Prof. fiEbRGE 
Formes. Communicated by Lord Raylekih, D.C.L., Sec. 

R.S. Received February 12, 1HH7. 

We have had so much evidence of tho sensitiveness of the Boll 
telephone receiver to tho minutest changes of current, that wo 
havo ceased to bo surprised at any transmitter which rcsjionds to 
the sounds of articnlato speech. But, in tho instrument now bhown, 
it was so extremely unlikely that sensible variations of current 
could ho produced with sufficient rapidity, that oven now there is 
perhapH some interest attached to tho experiment. A wooden 
cylinder was used closed at one end. A saw cut was mado across 
tho diameter of tho closed end, making a fine slit. In the slit 
was strotchod a platinum wire, 0 001 inch diameter and 2 inches 
long, with its ends connected by copper wires through tho primary 
of an induction coil to a battery sufficiently powerful to mako the 
platinum wire red hot. On connecting the secondary circuit with 
a receiving telephone in a distant room and speaking into tho 
wooden cylinder, the words aro reproduced and hoard in tho tele¬ 
phone. Each vibration of air in tho slit cools the platinum wire, 
diminishing its electrical resistance, and increasing tho electrio 
current. Tho words transmitted are not quite perfect, the higher 
harmonics being wanting. It requires some attention to make out 
all tho words of a sentence. A brass cylindor instead of tho wooden 
one, and a Wollaston platinum wire of excessivo fineness havo been 
used without materially altering the clearness of the articulation. 
Platinum foil has hitherto given no sound of tho voice. Tho slit in 
the brans instrument is mado of glass to prevent the short-oircuitiug 
and destruction of the platinum wire. 

Wires from one to three inches in length havo boon used. The 
longest ones are best No distinct articulation is heard if the wire 
be not red hot. Tho hotter tho wire the better is the articulation. 
An adjustible ribt was tried and tho narrow slit gave the best 
results. Mr. Preece some years ago used tho expansion and con¬ 
traction of a fine platinum wire to act on a diaphragm, and so serve 
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as a receiver The articnlation seems to have been about the same 
in quality as when the new transmitter is used with a Bell reoeiver 
These new experiments bear out all that Mr Preece said about the 
rapidity of variation of temperature which can be pioduced in a fine 
platinum wire They may also be perhaps of some interest from other 
points of view but they are not likely to lead to any resnlts of 
practical importance It is probable from the thoory of the instru¬ 
ment that the tones are raised an octave, as is also the case m the 
Prooco receiver 


Presents, lehuanj 24, 1887 

Transactions 

Baltimore — Johns Hopkins University Studies Historical 
and Political Science Fifth Senes No 8 8vo Bilhmore 
1887 11th Annual R< port 8vo Baltimore 1886 

The University 

Berlin —Physikaliscbe Gesellsohaft 1 ortsohritte der Physik 
1m Jahre 1879 Jahig XXXV 8vo Berlin 1885-86 

The Sooiety 

Cambiidgo Mass —Harvaid Collego Annual Reports 1886-86 
8vo Cambridge Maas 1887 The College 

Delft —h colo Polytechnique Annalee Tome II Livr 3-4 4to 
Letde 188G The School 

Gottingen —Konigl Gtsellschaft der Wissenschaften Nach- 

nchten 1886 Nro 1-20 Hvo Qottxnjen The Society 

Heidelbeig —Naturhistouscli Modicimscher Verein Verhand- 
lungen Band III Hett 1 8vo Heidelberg 1884 

The Association 

Umveisity Almanacb 1886 12mo Heidilberj, Inaugural- 
DiHsertationen Ac 188( 8vo Heidelberg Ac Urknndenbnoh 
der Umversitat Heidelberg 2 Vols Large 8vo Heidelberg 
1886 Die Altcste Zeit det Umversitat Heidelberg 1386-1449 
8vo Heidelberg 1886 list redo zur FUnfhundertjahngen 
Jubelfeiei 4to Htilclbirg 1886, Festschrift der Badisohen 
Gymnasien 4to Karlsruhe 188b Beitrage zu oiner Biogra¬ 
phic Ottheinnchs (festschrift) 4to Heidelberg 1886 , Ueber 
die Lehenbuoher der Kurfursttn und Pfalzgrafen Fnednoh I 
und Ludwig V 4to Ear lent he 1886, Ruperto Carols lUustnrte 
Jest Chromh der V Sacularfeier der Umversitat Heidelberg 
Folio Htxdelbtrg 1886 The University 

LiCge — Soci6t6Royale des Sciences M6moires g6r II lomel3 
8vo Brvaelles 1886 The Sooiety 

London —General Medical Conned Third Report of the Statistical 
Committee 8ro London 1886 The Council 
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Transactions (rontinu&1) 

Geological Sooiety Quarterly Journal. Vol XLT1I No. 160 
8vo. London 1887 The Society. 

Institution of Civil Enginoers Minnies of Proceedings. Vol 
LXXXVII 8vo London 1886 Thu Institution. 

Kojal Microscopical Swiety. Journal 1887 Part 1. 8vo 
London Tlie Society 

St Bartholomew's Hospital Reports Vol. XXII Hvo London 
1886 The Hospital 

Society of Biblical Arclueology Proceedings Vol 11. H\o 

London 1880 The Society 

Middelhurg Zeeuwscli Qenootschap dor Wetenschapjien Verxa- 
nieluigen lHHfi. Hvo [Middelbnrtf j Mr A H White. 

Moscow Musee Ethnographiquc Dasehkow Recuoil de Materi- 
llux pour I’Ethnographic f Russian] liivr 1-2. 8\o Mon, ou 
188ft 87 Guido to the Museum | Russian] Kiu Hvo Moscow 
1880, Guide to the Collection ol Pori rails [Russian] Stn 
8vo Moscow 1887 Tho Mnsouni. 

Neweastlo-upon-Tyne—Noitli of England Institute of Mining and 
Meoliiuucal Engineers Transaction*. Vol XXXVI. Part 1. 
8vo Newcastle 1887 The Institute 

Paris. Soeiele Mathematiquo de Prance Bulletin Tome XIV, 
No ft Hvo Pints 1886 The Society. 

Tokio—Imperial University of Japan Calonilar. 1886-87 Hvo 

Tokyo 188(5 The University. 

Utrecht — Neilerlandsch Oasthuis voor Ooglijdcrs Verslag. 

XXV H 8vo Utrecht 1886. Tho Hospital. 

Vienna Verem ilcr Geographon an der Universitiif Bencht uber 
das XI Voroiu8)iihr. 8vo. Ween, 1886. Tho Associntion 


Journals. 

Annales des Mines. S6r VIII Tome 10 Live ft Hvo Paris 1887. 

£cole des Mines, Paris. 

Asclepiad (The) Vol. IV No 13 Hvo. London 1887 

Dr Richardson, P.R S. 
Bullettmo di Bibliogratia o di Storia dello Sciouse Matomatiche o 
Pisicho Mnrso-Aprilo, 1886 4to. Roma 1886 

Tho Prince Boncompogni. 

Horological Journal. Vol. XXIX No 342 8vo. London 1887 

Tho Horological Institute 

Indian Antiquary (The) Vol. XV. Part 190 4to. Itmnbay 1886. 

The Editors. 

New York Medical Journal. Vol. XLV No 5 4to. 1887. 

The Editor. 


VOL. XL1I. 
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Journals 

Revista do Obstrvatono Anno II Num 1 8vo Rio de Janeiro 
1887 Tho Obseivatory of Rio 

Bounty (T G ) V R S On so dip Rocks from the neighbourhood of 
Assouan 8vo Hertford 1880 , Report on the Rocks oollcotod by 
H H Johnston, from tho upper pait of the Kilimn njnro massif 
8vo Lomlon [1880] Remarks on the Stratifitd and Igneous 
Rocks of the Valley of tho Meuse m the Fieneli Aidenues 8vo 
[Lon/on 188b ] The Author 

Conwentr (H ) Die Fima dis Bernsteins Hand TI Die Angio 
spermen dcs Bernsteins 4to Dawng 188h Pi of Con went* 

Dawson (Sir W ), F R S On Rhizopods m tho Elion (Devonian) 
Peuod in Amtrica 8vo C/uray) 1886 The'Author 

Dimmock (G) Dimmock’s Special Bibliography Nos 1-3 8vo 
Cambridge, Mast 1878-79, “Psyche, ’ a Journal of Entomology 
Vols III-IV Nos 101-112 Sm 4to Comlnige, Mass 1882-83 
With Si* Entomological Excel pis 8vo and 4 to 1875-86 

Mr G Dimmock 

Jones (T R ), F R S and J W Kirkby On Caibomforous Oatra 
ooda from the Gayton Boiing, Northamptonshire 8vo Hertford 
1886 ,—and C 1) Sherborn On the Miciozoa found in some 
Jmosaio Rocks of England 8vo Heitfrrd 1886,—and H B 
Holl Notos on the Palaoozoip Bivalved Entomostraca No 
XXI 8vo London. 1880 Prof 1 R Jones, FRS 

Nikitin (S ) Dio Cephalopodenfauna dor Juiabildnngon des Gou 
veinemonts Kostroma 4to St Petersburg 1884, 3 lie Jurassic 
Formation between Rybinsk, Mologa and Myszkin [Rnssian] 
8vo St Petersburg 1881, Brochure on Darwinism and Palroon 
tology [Russian] 8vo St Petersburg [1882] Four Geological 
Excerpts 8vo and 4to The Author 

Picketing (E C) Heights of the White Mountains Hvo [1887] 

The Author 

Prince (CL) Summaiy of a Meteorological Journal 1885 Folio 

[Crou)boroug\ 1886 ] The Author 

Puech (L) Memoire sui lea Grottes do Sarxgel [With Photo¬ 
graphs ] 4to Saint Affi i tque 1886 The Author 

Basse (E ) Das Zahlengosetz m der Vollcer-Reizbarkeit Statiatik 
der neueren Geschichte von Frankreich 8vo Bran lenburg 

1877 The Author 

Unwin (W C ), F R S Formula! fcs tho Flow of Water m Pipes 
4to Manchester 188C The Author 

Wnght (T), FRS Monograph on the Lias Ammonites of the 
British Islands 4to London 1878-86 


Bequeathed by tho Author 
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March 3, 1887 

Professor G G STOKES, DOL, President, m the Chair 

The Presents received were laid on the table, and thanks oidered 
for them 

In pursuance of the Statutes the names of the Candidates reoom 
mended for election into the Society weie read from the Chair as 
follows — 


Andrews, Thomas, FE8E 
Atkinson, Professor Edmund, 
PhD 

Bottomley, James Thomson, M A 
Buchanan, John Young, M A 
Burbury, Samuel Hawkusley 

MA 

Buz sard, Thomas M D 
Cameron, Sir Charles Alexander, 

MD 

Carnelley, Prof Thomas, D Sc 
Cash, J Theodore, M D 
Corfield, Professor Wllliam He nry, 

MD 

Davis, James William, F G S 
Denton, John Bailey, MICE 
Dickinson, William Howship, 

MD 

Douglass, Sir James Nicholas, 
MICE 

Ewart, Professor J Cossar, M D 
Ewing, Professor J A , B So 
Forbes, Professor George, M A 
Foster, Professor Sir Balthasar 
Walter, FRCP 
Gowers, William Richard, M D 
Halliburton, William Dobinson, 
MD 

Hindo, George Jennings, Ph D 
Hyde, Henry,Major General, R E 
Jervois, Sir William Francis 
Drummond, Lieut-General, R E 
VOL XUI 


Kennedy, Professor Alexander 
BLackie William MICE 
Kent, William Saville 
King, George, M B 
Kirk, Sir John, M D 
Lansdell Rev Henry D D 
Latham, Peter Wall work, M D 
Lea, Arthur Sheridan D So 
Lodge, Professor Oliver Joseph, 
D So 

Lyster, George Foahery, MICE 
Matthey, Edward FCS 
Maw, George I LS 
Milne Professoi John, F G S 
Ord, William Miller M D 
Palmer, Henry Spencer, Colonel, 
RE 

Parker, Professor £ Jeffory 
Pedler, Prof Alexander, F C 8 
Pickard Cambridge, Rev Octa¬ 
vius, M A 

Pickering, Professor Spencer Um- 
freville, M A 

Poyntmg, Professor John Heniy, 
B So 

Pntohard, Urban, M D 
Ramsay, Professor William, Ph D 
Seebohm Henry, F L S 
Smith, Willoughby 
Snelns, George James, FCS 
Sollas, Professor William Johnson, 
D So 
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Steven ton, Thomas, M D 
Teale, Thomas Pndgin, PROS 
Temson-Woods, Rev Julias E, 

MA 

Thin, George, M D 

Tidy, Professor Chailes Meymott, 

MB 

Todd, Charles, M A 


Tomlinson, Herbert, B A 
Topley, William, F G 8 
Ulrich, Professor George Henry 
Frederic, F G S 
Walsingham, Thomas, Lord 
Whitaker, William, B A 
Yoo, Professor Gerald F, M D 


The following Papers were read — 


I 44 Preliminary Note on a Balanoglossus Larva from the 
Bahamas ’ By W F R Weldon, M A , Fellow of 

St John’s College, Cambudgo Communicated by Prof 
M Foster, See R S Received February 15, 1887 

In October last, during a visit to the Island of Bernini, on the 
western edge of the Bahama bank, an organism was constantly found 
in the tow net which closely resembled the larva of Balanoglossus 
reoently described by Bateson * 

In the youngest stage observed, this creature has an elongatod 
cylindrical body (about 0 8 mm long by 0 4 mm broad) with rounded 
ends At tho anterior extremity are two eye spots whilo near the 
posterior is a largo and powerful ring of cilia An anterior region is 
separated from the rest by a deep transverse groove, more than this 
cannot be made oat by examination of entire specimens t A little 
lator, a second shallower groove appears behind the first, marking off 
a smaller middle region of the body from the larger anterior and 
posterior divisions An idea of the shape of the body, just before the 
appearance of the second transverse groove, may be gathered from 
the nearly median longitudinal section (fig 1) In this section the 
month is Been to lie m the first transverse groove, on the ventral side 
of the body, it leads to a well developed alimentary canal, ending in a 
median posterior anus, not seen in the figure On each side of the 
alimentary canal ho two sections of body cavity, the first (fig 1, II) 
can hardly be spoken of as a cavity, its lnmen being nover con¬ 
spicuous, and often obliterated , behind this is a well developed pos¬ 
terior cavity (III) Tho body cavities of the two sides are separated 

* 1 Boy Boo Proc * vol 38 1883 p 28 i and Quart Joum Microto Sci 1888 
and 1886 

f I regret that my oWrrationi on the living larva are moet imperfect Owing to 
my want of exporenee in protecting delicate organuma after capture from a tropical 
ana 1 waa frequently obliged to prweerve the material obtained in an open boat, 
where apcnwoopio work waa unpoaaible 
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Fio 1 



from one another in the middle line by a considerable interval and the 
posterior pair especially leave a considerable part of the blastoeoel 
unoccupied (fig 2 III ) The anterior nearly solid body cavities 

*io 



are separat'd dorsally by a forward process of tho posterior cavities, 
so that afjfcction so near the middle line as that drawn m fig 1 does 
not oat tiffin dorsally at all 

The Saffmor region of the body in front of the great transverse 





148 


Mr. W. F. R. Weldon. On a 


[M*r.a, 

groove is occupied by a tingle unpaired body cavity (fig. 1,1), which 
obliterates the blaatoooel This cavity it traversed by a number of 
longitudinal “ meeenohymatout" mntolet (Me.), and carnet on ita 
floor a glandular organ (01 ), near which opens, aaymmetricaUy, a 
abort canal, which runs to the middle dorsal line, where it oommnni- 
catee with the exterior by a pore (P.). Immediately beneath the gland 
ia a forwardly directed diverticulum of the gut (Oh.). 

It seems impossible to avoid identifying these structures with the 
proboscis gland and pore of Balanoglosses, and the subjacent “ noto¬ 
chord ”; while the anterior paired body cavity represents the collar 
cavity, the posterior the trunk cavity, of the normal Balanogloesun 
larva. A confirmation of this view is given by the appearance, at a 
slightly later date, of a single pair of rudimentary gills (fig 2, Br.). 

The ectoderm of the larva, up to the point at which the gills appear, 
is very thick (figs. 1 and 2), and contains many mueds and other 
glandular cells; while beneath the eye-spote is a well-developed 
“ Scheitelplatte,” and beneath the general ectoderm a well-formed 
embryonic nervous system, the details of which I reserve for a later 
paper 

Just after the development of the gill-slits, there apper.rs to be 
mnch variation ra the conduct of the larva obtained; sonSe exhibit 
indications of a normal development, the majority, however, begin, 
from this point to undergo a gradual process of degeneration, accom¬ 
panied by considerable inoreaso in sue. 

The shape of the most degenerate larva obtained may be gatlierod 
from tho nearly median longitudinal section (fig. 8); where the collar 


Fig 8. 
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groove is seen to have disappeared altogether, while that behind the 
proboscis has become much shallower. The external appearance is 
oomplioated by the formation, on each side of the proboscis, of a 
HVshaped groove, the middle limb of which communicates with the 
post-proboscidean groove, while the margins of all the limbs are pro¬ 
vided with short, broad tentacles. The arrangement of this groove is 
indicated by the shading between dotted lines in fig. 3. 

Sections show that the mesoblastio organs have undergone con¬ 
siderable reduction, both relative and, in some cases, absolute. The 
proboscis cavity is smaller (fig. 3,1) ; its walls are thinner, and its 
muscles fewer. The notochord beneath it has quite disappeared; 
the collar cavities have disappeared; while the trunk cavities are 
small and thin-wallod (fig. 3, III). No trace of gill-poucheB remains. 
The ectoderm is much thinner, and contains hardly a trace of any 
nervous structure except the much diminished “ Scheitelplatte ” 
(Seh.), on which the eye-spots still persist. 

In connexion with this degeneration of the tissues, it may bo 
noticed that many cells, possibly phagocytes, are present in the 
blastoccol at earlier stages (fig 2, Ph. T ). 

I was not able during my stay at Bernini to follow this creature 
further; but at Nassau, Now Providence, in the middle of the Bahama 
bank, I observed, during four months, a similar series of changes in a 
much larger larva. This larva was first obtained at a period just 
before the development of the tentacular apparatus, and after the 
disappearance of the collar groove (if this ever existed). The collar 
and trunk cavities were both well developed, and the proboscis cavity, 
with its gland and pore, was as in the youngest Bernini forms. Eye- 
spots were present, and there was a well-devglopod cutaneous nerve 
plexus. In this form degradation was followed to a much fuller 
extent, till the ectoderm was (except on the well-developed tentacles 
and beneath the cilia) a mere flattened epithelium; the trunk cavity 
was a minute solid rod beneath the ciliated ring; the collar cavity 
disappeared, and the reduction of the proboscis cavity was carried 
much further than in the Bernini form. 

I hope to publish a fuller account of both forms in a subsequent 
paper. In the meantime, it is submitted that there is fair ground for 
the belief that the organisms described are Balanoglossus larv®, 
which from some cause or other have been unable to develop adult 
characters, and have therefore varied. Independent evidence shows 
that a probable cause may be the compulsory shifting of the larvm 
into deep water by the joint action of currents and winds.* 

U this be admitted, four things follow:— First, that, at least in 
some oases, the transmission by a larva of hereditary changes is only, 


* Thsss larva were practically all caught outeide the 100-fhthom line. 
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possible on tbe application of tbe stimuli afforded by particular 
surroundings; tocondly, that some lame, in the absenoe of these 
stimuli, but in conditions otherwise favon ruble, are highly variable; 
thirdly, that the variations produced by a given change in the environ, 
ment may be of an uniform and definite character; and lastly, that 
these changes may result, not in the modification of ancestral organs, 
but in the hypertrophy of those which are purely larval. 

The last of these considerations leads to the hope that a farther 
investigation of similar oases may afford a criterion by which to 
interpret larval histories in general. 


EXPLANATION OF THE FIGURES 

Fig. 1.—Lateral longitudinal section (nearly median) through a young,Bernini larva, 
just before the appearanoe of the oollar-fold. 

Kg. 8.—Transverse section through the trunk of a Bernini larva, at the time of the 
greatest development of the gill-pouches 

Kg. 3.—Newly median longitudinal section through a degenerate Bernini larva. 

The arrangement of the tentaculiferoui grooves is indicated by shading 
within the dotted lines. 

Btflnvnci Lettm. — An., anus | JJL, blastooool : Sr , branchial pouch; Ck., “ noto¬ 
chord ” of Bateson | Ct., cilia; OL, proboscis gland i M., mouth; Me., 
“mesenchym" of proboscis cavity, P., proboscis pore, Pi. T, cells of 
blsstocael, possibly phagocytes; Sri., "tcheitelplatte”, I, II, III, body 
cavities of proboscis, collar, and trunk respectively. 


II. “ Studies of some New Micro-organisms obtained from Air.” 
By U. C. Franbland, and Perot F. Frankland, Ph.D„ 
B.So. (Lond.), F.C.S., F.I.C. Communicated by E. Rat 
Lankester, M.A., F.RS., Professor of Zoology, University 
College, London. Received February 15. 1887. 

(Abstract.) 

In previous communications to the Royal Society by one of the 
authors,• details have been given of a number of experiments on the 
presence of microorganisms in the atmosphere. In these investiga¬ 
tions a solid culture medium was employed, whioh not only gTeatly 
facilitated their enumeration, but also presented them in an itokUed 
oondition. In this manner the authors have met with a number of 

* 1. “ The Dittribution of Micro-orgamtmi in Air,” ‘ Roy. Soo. Proc.,’ voL 40, 
p. 6001 S. "A New Method for the Quantitative Estimation of the Micro- 
organltmt prevent In the Atmotphere," ii id., vol. 41, p. 443, 3. “ Further Expert- 
mente on the Dittribution of Micro-organitmt in Air by Heete’i method,” Hid., 
p. 446. 
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different varieties of aenal micro-organisms, which hare hitherto 
remained either unknown or nndeecnbed They have therefore 
undertaken the characterisation of a number of these organisms by 
growing them in various cultivating media and observing the different 
appearances which they subsequently exhibit by studying them 
nncroeoopioally in stained and unstained preparations, and by culti¬ 
vating them on gelatine plates, and describing the colonies to whioh 
they give rise They have likewise made a number of drawings to 
illustrate the appearances which they present under the various exami¬ 
nations to whioh they have snbmitted them To farther facilitate 
their identification the authors have provisionally given them names, 
by which they have endeavoured to represent some of their moat 
striking individualities 

The authors venture to hope that by thus characterising some of 
the organisms most prevalent in the atmosphere, they may prove of 
assistance in those investigations which have for their object the 
study of the particular physiologioal changes whioh are brought 
about by specific micro organisms 

The following is a list of the micro-organisms described — 


Microcoocns carmoolor 
„ albus 

„ gig" 

„ chryseus 

„ candioans 

Streptococcus liquefamens 
Saroina liquefameps 
Bacillus acresoens moons 
„ aureus 
„ oitreui 


Bacillus phoatus 

„ chlonnns 

„ polymorphic 

„ profusna 

„ pestifer vermioulans 

„ subtilis minor 

„ snbtilis ceroua 

Saooharomyoes rosaoens 
„ liquefaoiens 
Myoelinm fusoum 


In addition to these varieties a description has been given for the 
sake of comparison of some aSnal micro-organisms whioh were 
obtained by one of the authors from Dr Koch’s laboratory in Berlin 
These are— 


Microcoocns rosaoens 
Barcina lutea 
„ aurantiaca 


Bacillus subblis 

„ (Microooocus) prodi- 
giosus 
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III. “ On the Limiting Distance of Speech by Telephone." By 
William Henry Preece, F.R.8. Received February 17, 
1887. 

The law that determines the distance to which speaking by tele¬ 
phone on land lines is possible, is just the same as that which de¬ 
termines the number of currents which can be transmitted through 
a submarine cable in a second. The experimental evidence upon 
which this law is based was carried ont in 1853 by Mr. Latimer 
Clark (whose assistant I then was). The experiments were made by 
me in the presence of Faraday; many were bis own; he made them 
the subject of a Friday evening discourse at the Royal Institution, 
January 20,1854, and they are published m his ‘ Researches ’ (vol. 8, 
p. 508). They received full mathematical development Sir William 
Thomson in 1855 (‘Roy. Soc. Proo.,’ May 24), who determined 
the law, the accuracy of which was proved by Fleeming Jonkin and 
by Cromwell Varley, and the 110,000 miles of cable that now lie 
at the bottom of the ocean afford a constant proof in their daily 
working. 

Hockin reduced Thomson's law to tho following senes:— 

* « C(l-2{«)'/«-(|)«/«+(|)»'/--(i)i«/*+*o.l), 

which allows it to be expressed by the following curve (1) :— 



Now a is a timo-constant dependent on the conditions of the circuit, 
invariable for the same uniform circuit but differing for different 
circuits. It represents the tune that elapeos from the instant oontact 
is made at the sending end to the instant that the current begins to 
appear at the receiving end. It is given by the following equa¬ 
tion :— 


o = BirP, 


B being a constant dependent principally on the units used; h the 
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inductive capacity per unit length (mile or knot) ; t the resistance 
per unit length, end l the length in miles or knots. 

a, therefore, limits the number of vibrations per second that can be 
sent through any circuit. If a be 0196 second, as it was in the 
French Atlantic cable of 1869,* 2584 knots long, then it is impos¬ 
sible to send 5‘1 currents per second through that cable; but it would 
be’poesible to send 5 or 2^ complete reversals per second. Moreover, 
as the number of reversals vanes inversely with the square of the 
length, it shows that such a cablo if of 100 miles length would 
allow 1562 reversals to pass through it. It is necessary to remark 
that these expressions involve no mention of E M.F., or of current,) 
and therefore the number of reversals whidh can be produced at the 
end of a wire is quite independent of the impressed E.M F., and 
therefore of the strength of the current. But the number of reversals 
is dependent upon the sensitiveness of the apparatus used to receive 
the currents, for if we use an instrument which will respond to a cur¬ 
rent indicated by the full line, we get two currents per second ; and if 
we use an instrument which will respond only to the dotted line, we 
get only one current in two seconds, which is about the current used 
with delicate relays in this country. This is why Buch discordant 
results are obtained by different observers who attempt to measure the 
velocity of currents of electricity. It is also why the telephone is 
such an admirable instrument for research—for it is sensitive to the 
least increment or decrement of current. 

Before proceeding with this inquiry it was necessary to determine 
very accurately the iuduotive capacity of overhead and underground 
wires. This was done with great care on very dry days in different 
parts of the country by means of a Thomson mirror galvanometer 
and a standard condenser. 

The results oome out as follows :— 



Capacity 
per mile 

Resistance 
per mite 

B. A. ohms. 

No. 71 iron wire .. 

00108 

0 0124 

0 2500 
0-2900 

12 0 

6 7 

23-0 

10-25 

No.lSf cobpefr wire . 

Quito-percWooT.red wire in iron pipe.. 

(jutta-perohn-coTered wire m cablet. 


The capacity can be calculated from the following formula (also due 
to Sir William Thomson) :— 

* 

21og(4h/d)’ 


* Fleeming Jtnkin, ‘ Electricity and Magnetism,’ p. 881. 
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where d is the diameter of the wire and h the height above the 
ground Taking h at 500 cm and d at 0 243 ora, the capaoity oomes 
out for 12^ wire at 0 0113 instead of 0 0124 miorofarad per mile. The 
oause of this difference is referred to farther on 

It then became necessary to determine the speed of the current 
through wires of different lengths, resistances, and capacities 

A multiplex distributor—snoh as we are now using in the Post 
Office—enables this to be done with great accuracy At each station 
a circle is broken np into 162 sections, and an arm in connexion with 
the line wire carrying a brush sweeps over these sections and makes 
oontact This arm can be made to rotate at any speed If it makes 
three revolutions per seedhd it will make the duration of each contact 
T J-jth of a second Now the two distributors aro kept running in 
absolnte synchronism, bo that the brush at each station always rest*, 
simultaneously on corresponding sections The sections at one station 
can bo placed in contact with the battery, and those at the other 
station with a galvanometer or other BenBitive apparatus If the our 
rent traversed the wire instantaneously then it would appear on the 
same section at the same time on the galvanometer, but the current 
is alw&yB retarded, and the amount of retardation or the value of a can 
be measured and the ourve of arrival and cessation drawn by watching 
the indications of the galvanometer on each succeeding section 

The following table summarises a large number of experiment# 
that have been made in different parts of the country, and on different 
lines, to determine by observation the connexion that exists between 
speed of current distanoe spoken through, resistance, and capacity 
The maximum current, or the crest of the wave, was observed This 
was equivalent to 0 003 ampere 

It will be seen that the limiting distance through which it is 
possible to speak vanes inversely with the speed of the current, and 
that the speed of the current varies inversely with the product of the 
total resistance and the total capacity of the oiromt Henoe we 
can say that the number of reversals that it is possible to send 
through any circuit vanes inversely with the produot of the total 
resistance (R) and the total capacity (K) or the limiting distanoe 

S = KR X constant . (1) 

This is only another form of Thomson’s law for K sx Ik, and 
R ss Ir, and 

S * ifcrP x constant 

It is seen that when the speed of the working ourrent was 
0 001 speaking was perfect, 

0 002' speaking was good, 

0 003' speaking was fair, 

0 004' speaking was dilfioult 



Table showing the Speed of Current through Wires 
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If we put equation (1) into this form, 



A =s lent, 


(2) 

and give to A the following values — 



Copper (overhead) 

15,000 


Cables and underground 

12,000 


Iron (overhead) 

10,000 


we can find the limiting distance we can a 

peak with any wire, 

fbi 


** = A/kr. 

Take copper, whose constant is 15,000, and a wire whoso resistance 
is 1" per mile, and capacity 0 0124 per mile, then— 

__ 15000 
* " 0 0124’ 
a = 1100, 


whioh is the limit of speaking npon snch a wire 

The wire used between Pans and Brussels has a resistance of 
2 4 ohms and a capacity of about 0 012 microfarad pei kilometre and 
as that distance is only about 200 miles the speaking must be exoellent 
Moreover, there is reason to behove from tho diffeienoe between 
observation and calculation, that the static capacity on Continental 
and American lines is less than that of English lines, owing to the 
use of earth wires on all poles in England, and therefore the distance 
would be greater 

Take an Atlantio cable— 


a 3 


12000 
1x0 4*’ 
96 


Now I had fonnd in 1878* that it was just possible to speak through 
100 miles of such a cable—a very close agreement 
Moreover, by the Jaw of the squares, 100 miles of an Atlantic cable 
ought to transmit 1562 reversals, if 2584 miles transmit 2£ and 
this is probably tho average number of sonorous vibrations imparted 
by the human voice, when hearing by telephone begins to got difficult 
by the loss of the higher partials and overtones 

There is another interesting conseqnenoe of Thomson's law which 
comes oat of these experiments, and that is, whether the line be a 
single wire completed by the earth, or a double wire making a 
metallic circuit, the rate of speed between the two ends is exactly the 
• Phil Msg,’ April 1878 
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Mine, and therefore the distance we can speak through u just the 
same whether we use a single or double wire circuit Thu u owing 1 
to the fact that though m the latter case we double the total resis¬ 
tance, we halve the total capacity, and therefore the product remains 
the same 

The difference between copper and iron is dearly due to self- 
induction or to the electromagnetic inertia of the latter and the 
difieronoe between copper overground and copper underground is due 
to the facility that tho leakage of insulators offers to the rapid dis¬ 
charge to earth at innumerable points of the static oharge, which in 
gutta perch a covered wire can find an exit only at the ends 

It is also evident that there is no difficulty m working telephones 
through underground wires even though they attain 50 miles in. 
length, and in fact it would be better to woik underground with 
proper copper wire from London to Brighton than to use iron wires 
along the railway telegraph poles owing to the absenoe of external 
disturbances m the former oase 

The limit of working of different insula tod wires ib easily obtained 
by equation (2) and the following table gives that mfoimation for 
different gutta pert ha covered wires 


No 

k 


Limit of speech 

20 

11 

0 270 nf 

45 00 ohm* 

32 miles 

18 

7* 

0 260 

23 00 

40 

16 

4 

0 240 

13 00 

62 

107 lbs 

160 lb* 

0 290 

10 26 

64 , 


17 B —11 o top number u dies tee the gauge of wire and the lowor m 
of the gutta pertha. 


IV “The Etiology of Scarlet Fever ’ By E Klein, MD 
F R S, Lecturer on Geneial Anatomy and Physiology at 
the Medical School of St Bartholomew’s Hospital London 
Received February 23, 1887 

The investigation the results of which £ now record was oom 
menced at the end of December 1888 It arose out of an inquiry into 
the prevalence of scailatina in different quarters of London, under- 
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taken by the Medical Department of the Local Government Board as 
a part of its business of investigating local epidemics That inquiry 
had demonstrated milk from a farm at Hendon as the cause of the 
scarlatina, and had addnoed strong circumstantial evidence that the 
scarlatina had been distributed, not in tho whole, bnt in certain sec¬ 
tions of the Hendon milk, and further that the ability of the sections 
of milk service to convey the disease had been related to a malady 
affecting particular oowb This evidence against paiticulai cows at 
the Hendon farm could not and did not aspire at furnishing direct 
and definite proof of the connexion of this cow disease with scarlet 
fever of man, for tho inductive methods usually employed by the 
Medical Department of tho Local Government Board whtn applied 
to inquiries about epidemic spread of scarlatina can for obvious 
reasons yield but circumstantial evidence As on various foimer 
occasions, so also on this, tho Medical Depaitment Bought to put the 
above conclusions to the test of scientific experiment This task was 
delegated to me by tho Board 1 he first part of this work has been 
published in the recently issued volume of the Reports of the Medical 
Ofhter of the Local Government Board for 1885-188b I have 
therein shown that tho suspected cows fiom the Hendon farm that 
had boen made the object of special study showed besides a skm 
disease—consisting in ulcers on the udder and teatB, and in sires and 
scurfy patches and loss of hair in different parts of the skm—also a 
general disease of tho viscera, notably the lungs, livet spleen, and 
kidney, which resembled the disease ot these organs in acute eases of 
human scarlatina I bavo further shown tliat the disoased tissues of 
the ulcers on the teats and uddtr produced on inoculation into the 
skm of calves a similar local dibease, which m its incubation and 
general anatomical characters pioved identical with the nlceration of 
the cow and furthei, that from the ulceis of the cow a species of 
micrococcus was isolated by cultivation in artificial nutritive media, 
vrbioh micro organism m its mode of growth on nutritive gelatine, on 
Agar.Agar mixture, on blood serum, m bioth and in milk, proved 
very peculiar and different from other species of microoocci hitherto 
examined With such cultivation of the micrococcus I have produced 
by subcutaneous inoculation in calves a disease which in its cutaneous 
and visceral lesions (lung liver, spleen, and kidney) bears a very 
close resemblance both to the disease that was observed in the Hendon 
cows as well as to human scarlatina 

**'The second part of the work, earned out during 1886-1887 for the 
Medical Department, had for its object to investigate whether or no 
the disease, human scarlatina, is associated with tho identical mioro- 
oooous, and whether this, if obtainable from the human subject, is 
capable of producing m the bovine species the same disease as was 
observed in the Hendon cows and in the calves expenmented upon 
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from the latter aoaroe. The definite and dear proof that this is really 
the case haa now been obtained, and the evidence I now bring to the 
notice of the Royal Society. 

On examining acute canes of human scarlatina—for which oppor¬ 
tunity I owe groat thanks to Dr. Sweeting, the Medical Superintendent 
of the Fulham Fever Hospital—I soon ascertained the fact that there 
is present in the blood of the general circulation a species of micro¬ 
coccus, which on cultivation in nutritive gelatine, Agar-Agar mixture, 
blood gerum, and other media, proved to be in every respect identical 
with that obtained from the Hendon cow*. Out of eleven acute cases 
of scarlet fever examined in this direction, four yielded positive results: 
three were acute cases between the third and sixth day of illness 
with high fever temperature, and the fourth was a case of death from 
scarlatina on the sixth day. In all these four oases several drops of 
blood were used, after the customary methods and under the required 
precautions for establishing cultivations in a series of tabes con¬ 
taining Btenlised nutritive gelatine, and. generally only a very small 
number of these tubes revealed after an incubation of several days 
one or two colonies of the miorococous. This shows that the micro¬ 
cocci were present in the blood in but small numbers. 

Having ascertained the identity in piorphological and cultural 
respects of the micrococcus of the blood of human scarlatina with the 
organism obtained from the Hendon cows, the action of the cultiva¬ 
tions of both these Bets of micrococci was then tested on animals and 
the results compared. It was found that mice—wild mice better 
than tame ones—on inoculation as well as feeding, became affected 
in exactly the same manner, no matter whether the one set of 
cultivations or the other was used. The great majority of these 
animals died after between seven and twenty days; the post-mortem 
examination revealed great congestion of tho lungs, amounting in 
some cases to consolidation of portions of the organ, congestion of 
the liver, congestion and swelling of the spleen, great congestion and 
general disease of the cortical part of the kidney. From the blood 
of those animals, taken directly from the heart, cultivations were 
established in nutritive gelatine, and hereby the existence of the 
same species of micrococci was revealed; they possessed all those 
special characters distinguishing the cultivations of the mioroooooiis 
of the Hendon cows and of the human scarlatina. 

In the third and concluding section of the work, cultivations of th» 
miorococous of two cases of human scarlatina were used for infeethm 
calves; two calves were inhculated and two were fed from each set' 
of cultivations. All eight a n ima l s developed disease, both cutaneous 
and visoeral, identical to that produced in the calves that had beta 
last year infected with the micrococcus from the Hendon cows. 

From the heart’s blood of calves thus infected from human 
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scarlatina the Mne miorococcus was recovered by cultivation, pos- 
Mwog all the characters shown by the cultures of the micrococcus of 
the Hendon cows, and of the cases of human scarlatina 

It must be evident from these observations that the danger of 
scarlatinal infection from the disease m the oow is real, and that 
towards the study and careful supervision of this oow disease all 
efforts ought to be directed in order to check the spread of scarlet 
fever m man It is also obvious that in the agricultural mteiest 
alone investigations of this cow disease are greatly called for 
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8vo Pom 1887 The Bureau 

St Peteisburg —Physikalischos Central Obeeivatonuiu Annalen 
Jahrg 1885 Theil 1-2 4to St Petersburg 188b 

Tho Observatory 


Burdett (H C) Bnrdott's Official Intelligence 1887 4to London 
1887 The Compiler 

Cassagnes (G -A ) La Steno-Til6graphio 4to Pan* 1886 

The Author 

Despeiaais (L -H ) La Steno T61egraphie 8vo Pan* 1886 

M Cassagnes 

Fiost (P ), F R S Hints foi tho Solution of Problems in the Third 
Edition of * Solid Geometry ’ 8vo London 1887 The Author 
Jones (J) Medical and Surgical Memoirs 1855-86 Yol II 8vo. 

Neto Orlean* 1887 The Authoi 

Klein (F ), For Mom R S Zur Theone dei allgomeinen Gleiohungrn 
sechsten und siebonten Grades 8?o Leipttg 1887 , Zur geome 
tnschen Dentung des Abel sohon Theorems der hyperelliptmchen 
Integrate 8vo Leipzig 1887 The Author 

Loomis (E) Contributions to Meteorology II 4lo New Haven 
1887 The Author 

Smith (R Angus), F R S Life and Works of Thomas Graham, 
DCL.FRS Edited by J J Coltman 8vo Glatgaw 1884 

The Editor. 
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March 10,1887. 

Professor STOKES, D.O.L., President, in the Chur. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

L “ Note on Induction Coils or ‘ Transformers.’ ” By John 
Hopkinson, MA., D.So., F.RS. Received February 17, 
1887. 

The transformers considered are those having a continuous iron 
magnetic circuit of uniform section.* 

Let A be area of soction of the oore, 

m and n the number of convolutions of the primary and secondary 
coils respectively, 

R, r, and p their resistances, p being tho resistance of the secondary 
external to tho transformer, 
a and y currents in the two coils, 
a induction per square centimetre, 
a, the magnetic force, 
l the length of tho magnetic circuit, 

E = B sin 2w(f/T), the difference of potentials between the ex¬ 
tremities of the primary, 

T being the periodic time. 

We have 

(1.) 4rr(mx+ny) — l»\ 

(2.) E = R»—mAu; 

(3.) 0 = (r+/>)y—«Aa; 
from (2) and (3), 

* For a discussion of transformers in which them is s considerable gap in the 
magnetic circuit, see Ferrari!,' Torino, Accad. SoL Mem.,’ vol. 87,18861 Hopkinson, 
"On the Theory of,Alternate Currents,’’ ‘Telegr. Engin. Journ,,' voL 18, 1884, 
p 400. 
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(4.) nB = nRx—m(r+p)y ; 
substituting from (1), 

(6.) *{vm+m\r+ P )) at »*E+(IW**M'+1»), 

(6.) y{»>R+«t(r+ / .)} = -n«B+(I«/4r>B; 

(7.) A4 = - + 4r{JSf r J(r+ / i)y 

Wo may now advantageously make a first approximation, neglect 
la in comparison with 4rmc, that is, asinine the permeability to be 
very large, we have 

For practical purposes these equations are really sufficient. 

We see firstly that the transformer transforms the potential in the 
ratio n/m, and adds to the external resistance of the secondary 
circuit p a resistance (n s B/m*) +r. This at once giveB us the varia¬ 
tion of potential caused by varying the number of lamps used. The 
phase of tho secondary current is exactly opposite to that of the 
primary. 

In designing a transformer it is particularly necessary to take 
note of equation (9), for the assumption is that a is limited so that U 
maybe neglected. The greatest value of a is B/{ (2v/T)ntA}, and this 
must not exceed a ohoson value. Wo observo that B varies as the 
number of reversals of the primary current per unit of time. 

Bnt this first approximation, though enough for practical work, gives 
no account of what happens when transformers are worked so that 
the iron is nearly saturated, or how energy is wasted in the iron core 
by the oontinual reversal of its magnetism. The amount of such 
waste is easily estimated from Ewing’s results when the extreme 
value of a is known, but it is more instructive to proceed to a second 
approximation, and see how the magnetio properties of the iron affect 
the value and phase of 0 and y. We shall as a seoond approximation 
8ubstitnte in equation* (5) (6), (7) values of « dedncod from the 
value of a fuuatabedl bgtttftibat a Mw a fona fc um in equation (9). 

In tiie accompanying dfrgpMBi represents *, Og represents a, 
and 0* the time. t. 

The ourves, AJWJEt r spneaea t thq rations of o and a. BFG- 
the induction, a an a fieniqlfrwa,oC tiMt -twne, and HI* the deduced 
relation betwsim*)wd *■ Wk maysohstitahe the valug, of a obtained 
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Fio 1 



from this curve in equations (5) and (6), and so obtain tho values- 
of x and y to a higher dcgi ee of approximation If tho values ot a. 
were expressed by Fouriei’s theorem in terms of tho time, we should 
find that tho action of the iron core introduced into the expression 
for x and y, m addition to a term in cos (2v//T) which would occur if 
a and a were proportional, terms in sin (2W/T) and teims in sines 
and oosines of multiples of 2wf/T It ib through the term in 
sin (Shrf/T) that the loss of energy by hysteiosis comes m 

A paiticular case, in which to stay at a first approximation would 
be very misleading, is worthy of note Let an attempt be made to 
ascertain tho highest possible values of a by using upon a trans¬ 
former a very large primary current, and moasui mg the consequent 
mean square of potential m the secondary circuit by means of an 
electrometer, by the heating of a conductor, or other such deuce 
Tho value of a will be related to the time somewhat as indicated by 
ABCDEFG in fig 2, for simplicity assume it be as in fig 3, the 


Fio 2. 
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resulting rotations of potential in the secondaiy and the time will be 
indie ited by the dotted line HIJKOLMVPQ The mean Bqnare 
observed will be proportional to ML */LP but ML LP is pi oportional 
to LL lence the potential observed will vary inversely as i/I P oven 
thingh tlio maximum induction remain constant If then the maxi 
mum induction bo deduced on the assumption that the induction is a 
simple harmonic function of the time results may readily be obtained 
vastly m excess of the tr ith 


II ‘Note on the 1 henry of the Altemite Current Dynamo 
By John Hopkinson M A D be , F Kb Recuved Feb- 
niaiy 17 1887 

Aocoidmg o the accepted thoory of the alternate current dynamo, 
the equat on tf electric cm rent m the armature is yy + Ry = periodic 
function of t vhere 7 is a constant coefficient of self induction lhis 
equation is not strictly trne inasmuch as 7 ib not in gonoial constant,* 
but it is a meat useful approximation My present purpose is to 
indicate how tie values of 7 and of the penodio function representing 
the oleotiomotive force can be calculated m a machino of given con 
figuration 

lo fix ideas »e will suppose the machine considered to have its 
magnet cores arranged parallel to the axis of rotation that the cores 
are of uniform section alBO that the armature bobbins have iroh cores, 
so that we regard all the lines of induction as passing either through 
an armature coil, or else between adjaoent poles entirely outside the 
armature The sketch shows a development of the machine con¬ 
sidered The iron is supposed to he so arranged that the currents 

* On the Theory of Alternating Current* Telegr Engin Journ vol 18, 
1884 p 486 
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induced therein may be neglected We further Buppoee for simplicity 
that the line integral of magnetics force within the armature cere may 
be neglected 

Let A x be the effective area of the space between the pole piece and 
armature core when the cores are in line, ^ the diatanoe from iron to 
iron 

Let A) be the section of magnet core, 2, the effective length of a 
pair of magnet limbs, so that 2, may be regarded as the length of the 
lines of force as measured from one pole face to the next 

Let m be the number of convolutions in a pair of magnet limbs, 
and 

«, the convolutions in one armature section, 

T, the periodic time 

The time is measured from an epoch when the armature coil we 
shall oousider is m a symmetrical position in a held which we shall 
regard as positive 

x and y are the currents in the magnet and armsture coils, the 
positive direction being that which produces the positire field at time 
aero 

At time t the armature coil considered has area A!, 

= b Q +l l cos(2w</T) + 6, ooa(4wf/T)+Ao 
in a positive field, and area Aj , 

= cos(2r*/T) + bj oos(4W/T)-Ac 
m a negative field, where 

&0+&1+&I+ = -A-i* 

apd bf )—&i + bj+ . — 0 

The ooeSciente b 0 , Ac, are doduoible by Fourier's theorem from 
a drawing of the machine under consideration 
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Let I be the total induction m the magnet oore, and let at tune 11 
be distributed into 1 through A x , 1 through A/ and I aa a waste 
field to the neighbouring poles 

The lme integral of magnetio foroo from the pole to either adjacent 
pole is I /It, where k is a constant 

We hare first to determine 1,1,1 , m terms of x and y 
Take the line integral of magnetio force in three ways through the 
magnets, and respectively through area A x , through area Aj , and 
across botween the adjaoent poles— 

+ = 4x»na! + 4rHy, 

+ = 4nrmx—4ruy 

v (i) + ir = w 

whence I +1 +1 = I 

= ( il ir L +t )( t ""- v (£)) + ^ir 

When t so, and y are given this wonld suffice to determine I by means 
of the known properties of the material of the magnets as represented 
by the funotion / We mill however consider two extreme cases 
between whioh other oases will lie 

Fxrtt —Suppose that the intensity of induction in the magnet cores 
is small, so that Zg/(I/Aj) may be neglected, the iron being very far 
from saturation We have— 

I *^{»»(Ai-A l )x+n(A l +A x )y} 

4rr f /, Irt , brt \ 

= ^ |m 008 -jjp + 6 8 cos -jp- + Jx 

+»(*b+^coa^+ )y} 

We see that the coefficient of self induction <y in general contains 
terms m cos (Art/ T) 

Second —In aotual work it would be nearer the truth to suppoee 
that the magnetising current * is so great that the induction I may 
be regarded as constant and the quantity ^(I/Ag) as considerable 
JBut aa small changes in I imply very great changes in ^(I/A,), its 
value cannot be regarded as known We have then— 
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2 i r£■ a,T^+2 B ;( 1 ~ A 2r- 

2, ‘it = a T+^mi I - jk w 3 ' 

whence 


T _ ( A i ~ A i )! f (A, -A, )» 

~ ‘ ■ * ■ _ = r \ A t +A, + 2W, (A ’ +Al ) / Tff 


‘ A, +Ai + 2Wj 


(A,-A, )I , 4A,A, 4-2/^At+A, ) 4vny 

‘Aj+A! +2kl x + Aj +Aj +2*^ 2^ 


lor illustration consider the simplest possible rase Jet 6 = = 

JAj and b a = ?, = s= 0 and let 21 £, be neglig bio we hAvo— 


_ _ _ 2nt . 0 mirt 4nmy 

I-I = I cos-^- +A, gin — _1 

and the equation of caiient will be— 

fir 2lrf 21mA, d ( 2W \i 

“» = *t T I “T - —*(“ 1 »)}• 

instead of the simple and familiar linear eq lation 


III Transmission of Sunlight through thi Earths Atmo¬ 
sphere By Captain W di W Abnfy EF h R S 
Received I cbruaiy 17, 1887 

(Abstract) 

The obeeivations wore made by means of the colour photometer 
which General h eating and himself introduced last year and which 
they desonbod in the Bakcnan Lecture for 1886 They extendod 
over more than a year the object being to aaoeitam the intensity of 
the different rays in the solar spectrum after passing through various 
thioknesscs of the atmosphere Owing to the unpromising results 
obtained by Langley with his bolometer experiments, it was not 
anticipated that the variation in the intensities of the different 
rays would obey any law, but subsequent investigation showed that 
as a rule the intensity of any ray obeyed the law enunciated by Lord 
Rayleigh m that I = I t~ bk *, where I and I are the initial and 
transmitted wave lengths x the thickness of the medium through 
which the ray passed, and k a constant, X being the wave length The 
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standard illuminating value of the spectrum was taken from obsei ra¬ 
tions made m Switzerland at 8000 feet altitude on September 15 at 
noon The other observations wete made at South Kensington It 
was found that with the wind in the proper quarter the sky at the 
latter place was as pure in colour as in the country, and that measures 
made on the days on which there was apparently no haze gave results 
which when combined together gavo a minimum value for i of 0 0013. 
A mean of the results showed that 1 = 0 0017 

The author then discusses tho value of the area of tho curves so 
obtained, and shows that astronomora who have used tho ordinaiy 
logarithmic formula of I' = la”*" lD have not erred in bo doing, but 
that these results aie perfectly concordant with the results obtained 
by taking tho different values of absorption over the whole visible 
spectrum Ho further shows that with the coefficients of trans¬ 
mission for different wave longths which Langley has published, the 
above formula is applicable,which is contrary to the theory which 
Langley propounded Tho author fui thei shows that when UBing the 
part of the spectrum to which vanous photogiaphic Halts ai e sensitive, 
tho areas of tho curves of intensities also fall m with the logarithmic 
formula 

He also points out that if the value of ft m tho foimula I'= le a* 
(from which the formula I = !»••*'» is deduced) bo divided bv 104 
in the case of tho optical value or by 255 m tho case of the photo¬ 
graphic value, when bromoiodide of silver is omployed on the 
sensitised plate, tho value of k is obtained 104 and 255 lepresent 
1/X> of 5570and 4450 respectively From this he deducts the fact that 
the illuminating value of any part of tho visible spectrum on any day 
at any hour can be ascertained by taking the optical and photogiaphic 
values of total sunlight This plan not only enables tho light which 
undergoes genet al absorption to bo calculated, but also the values of 
loss of intensity for each ray He farther indicates that a double 
photographio observation, in one of which the less refrangible end of 
the spootrum, and in the other of which the more refrangiblo is nsed, 
will give similar results 

Experiments on tho photogiaphic methods are described, and the 
results agree with those which theory indicated would arise 

The author states that tho high altitudes in the Alps may not be 
suitable for observations of wave lengths m the infra-red, but that 
they are especially suitable for observations in the visible part of the 
spectrum, since the atmosphere is very often free from dnst, though 
it may not be free from aqueous vapour, and the latter affects the 
dark rays vastly more than it does the visible rays He then points 
out the probable cause of the presence of particles whioh scatter light, 
and briefly discusses the differences which he obtains m his value for 
the transmission of light, as compared with Bouguer, Seidel, 
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Pritchard, and others Be farther shows that observation* made by 
people who are colour-blind in the red tend to dimmish the value of 
the coefficient of transmission, and that the difference between stellar 
and solar light oannot account for the apparent discrepancy It would 
appear that Professor Pritchard’s maximum value for the coefficient 
of transmission at Cairo does not differ much from his 

The values of the different oolours in the spectrum whioh Rood has 
adopted from Vierordt’s method are then discussed, and corrected 
according to the author s determination of the values on a day in 
Jane 

A senes of tables close the paper, in which the original observations 
and the deduced values are given 
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Transactions 

Calcutta —Asiatic Society of Bengal Jonrnal (Natural History) 
Yol LV Part 2 No 3 8vo Calcutta 1886 Journal (Philo 
logical) Yol LV Part 1 No 3 8vo Calcutta 1886 Pro¬ 
ceedings 1886 Nos VIII-IX 8vo Calcutta The Society 

Dublm —Royal lush Academy Proceedings (Literature, Ac ) 
Vol II No 7 8vo Dublin 1886 Proceedings (Science) 
Vol IV No 5 8vo Dublin 1886 Transactions (Literature, 
Ac) Vol XXVII Parts 6-8 4to Dublin 1885-86 Trans¬ 
actions (Science) Vol XXVIII Parts 21-25 4to Dublin 
1885-86 , “ Cunningham Memoirs ’ Nos II—III 4to Dublin 
1886 Tho Academy 

London —Entomologioal Sooiety Transactions 1886 Part V 
8 vo London The Society 

Odontological Society Transactions Vol XVI 8vo London 
1884 Ditto Vol XVII No 1 8vo London 1884 

The Society 

Manchester —Geological Sooiety Transactions Vol XIX 
Parts 3-4 8vo Manchester 1887 The Sooiety 

Pans — Soci4te Franfaise de Physique Collection de Memoires 
relatafs a la Physique Tome III 8vo Pom 1887 

The Sooiety 

Pesth —Komgl Ungar Geologische Anstalt Foldtam Koslony 
Kotet XVI Fuset 7-12 8vo Budapest 1886, Mittheilungen 
ans dem Jahrbuche Band VIII Heft 4 8vo Budapest 1887, 
Catalog der Bibliothek Suppl 1 8vo Budapest 1886 

The Institution 

Stockholm —Kongl Vetenskaps Akademie Ofversigt Arg 43 
No 10 8 vo Stockholm 1886 The Academy 
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Transactions (coniinntd) 

Tnrrn —B Accademia delle Scion so Atti Vol XXII Dup 3 
1886-87 8vo Tonno The Aoademy 

Vienna — K Akaderaie der Wissenschaften Anseiger 1887 
Nr I-V 8 to [Wien] The Academy 

Watford —Hertfordshire Natural History Society Transactions 
Vol IV Part 4 8vo London 1887 The Society 


Airy (Sir G B ), F R S Numerical Lunar Theory 4to London 

1886 Tho Astronomer Royal 
Andrews (T ) Effect of Temperature on tho Strength of Railway 

Axles Pait II [In Manuscript] Folio [1887] The Author 

Luhmann (0 von) Sprache und Sohnft (Two copies) 12mo 
[Ormfiuald 1887] The Author 

Newton (A ), F R S , and J W Claik The Woodwardmn Professor 
and the Sedgwick Memorial Museum 8vo C imbndge 1887 

Tho Authors 

Sasse (E ) Die Erhaltung der Empfindungs Energie 8vo Berlin 

1887 The Anthor 

Serraut (L ) L Acide bozohque (Two copies) 8vo Pant [1886] 

The Anthor 

Shaw (H S Hole) Cantor Lectures on Friction 8vo London 
1886 Tho Anthor 

Stohpine (D) Essais de Philosophic des Scionccs 8vo Qemw 
1886 Tho Author 


Photographs of Cape Observatory, Exterior nnd Interior, with 
Photograph of Stars about i j Argus, and other Photographic 
Star maps Dr Gill, F R S 

Meuotinto Engraving of lhomas, Lord Bishop of Rochester, and 
Thomas Sprat, A M, Archdeacon of Rochester 

Mr Eldndge Spratt. 
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Maich 17, 1887 

Professor STOKES, D C L , President, m tho Chair 

The Presents received were laid on the table, and thanks ordeied 
for them 

The following Papeis were read — 


L “ A Coal-dust Explosion ” By W Galloway • Communi¬ 
cated by R H SCOTT, M A , F R S Received Februny 17, 
1887 

(Absti act) 


The Si Iks tone pits of Altoft s Collieiy, near Noimanton, in York¬ 
shire, in which the explosion took place, are 420 yards deep Both 
shafts are round, tho down-cast being 12 foot and the up oast 10 feet 
in diameter The thickness of tho working, including a bed of soft 
shale below the scam, used as a holing, is 4 feet 6 inches The 
system of working is longwall The number of men and bojs 
employed undeigiound in the day shift was about 350 The colliery 
is now twenty one years old 

Very littlo tiro-damp is produced in the workings Naked lights 
were used by all the workmen for twenty years beforo February, 
1886, yet during tho whole of that period no single workman had 
been in]urtd by an explosion of fire damp, great or small 

Besides being naturally very free from fire damp, the workings of 
this mine were continuously swept by strong and swift currents of 
air, prodnoed by means of two ventilating furnaces at the bottom of 
the up cast shaft, amounting m the aggregate to 147,380 oubio feet 
per minute 

As the roof subsides upon the stowing near the faceB, it is neces¬ 
sary to take down a certain thickness of it in the stall roadways, in 
order to preserve them at a woikable height For this purpose about 
4 feet in thickness of roof was taken down by blasting in each stall 
road, the hoight being thus made abopt 8 feet 6 inches, at a distance 
of 10 or 12 feet back from the face Each stall road thus required 
about one blasting-shot, with a charge of from two to throe pounds of 
powder to be fired m it about once every five or six days, so that 
from seven to ten blasting shots were fired near the faces every day 
In this way the floor ot each roadway became coveted with small 
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pieces of broken roof, whioh completely obscured any small quantity 
of coal or coal dnst that might have fallen upon it, and been left 
there in the process of ooal-getting 

The tubs consist of rectangulai wooden boxes mounted on 
wooden frames, with wheels attached to them Ihey were filled 
with coal to a level with tho top and then contained about 10 owt 
Thus although no coal could fall ovor the ends oi sides, the vibration 
duo to the opeiation of hauling caused coal dust and small pieces of 
coal to bo shaken out thiongh the soams in the sides and bottom on 
to the loadway beneath Here it accumulated little by little betweon 
the rails, and to a distance of a few mchos on each si le of them, and 
the altntion dut to the constant trampling of men and horses 
together with tho occasional dlagging of tho endless chains on the 
floor gradually reduced it to a state of fineness Tho quantity of 
coal dust which accumulated on any roadway was thus other thingtf 
being equal, proportional to the number of fnll tube that had passed 
along it from the first, so that the oldest roadwayB would naturally 
bo tho dustiest wm the accumulations not removed from time to 
time 

J ach return air way represents the continuation of a Btall road all 
the way from near the bottom of the up cast shaft to the face and it 
must therefore contain in any given section of its length about the 
same avtiage quantity of coal dust as any ordinary stall road But 
the return an ways are all used as travelling roads for the men and 
boys going to and from the faces, and the constant trampling of 
feet soon mixes up any little coal dust there may happen to be on the 
floor with the dust of the roof stuff, and leduces the whole to an 
impalpable powder of a light grey colour 

lhe following conditions thus pre\ailcd before tho explosion —• 

1 An unusual immunity fiom fire damp 

2 Yeiy excellent ventilation 

3 Blasting going on at tho rate of say 2000 shots a year, involving 
the consumption of upwards of two tons of powder m the same tune, 
and this within the rone of subsidence where practically speaking, 
all the fire damp was given off, and where theie was no coal dust 

4 Pure air filling the intake air ways from the bottom of tho 
down oast to the faces 

& Air containing all the fire damp m the collieiy filling the 
working places and the letum air ways from the faoos to tho 
up-oast 

6 Coal dnst in the intake air-ways decreasing rapidly near tho 
faces 

7 Light grey dnst of roof stone, but no visible coal-dust in the 
return an-ways 

The colliery had been carried on under these conditions for seven- 
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teen years within the experience of the present manager. During the 
whole of that time no blasting had ever been done in any intake air¬ 
way. On the 2nd of October last, however, a party of men were 
instructed to blast away a portion of the side of the west chain road 
at a distance of abont 550 yards from the bottom of the shaft. They 
tired three shots in all, and the third cansed the explosion. It was 
not a blown-ont shot in any sense. 

The mechanical effects were exactly the same as those produced 
by other explosions. Timber was torn out, and falls of roof some- 
times of great magnitude and extent were cansed all through the 
intake air-ways, as far as the flame reached. In the endless obain 
roads the box part of each empty tub was swept away from the frame, 
and shattered into small pieces, not one being left whole. A spare 
pulley-wheel, 4 feet in diameter and weighing 15 cwt., which had 
been standing on its edge leaning against the side near the end of the 
west chain road, was carried fonr yards inwards towards the face, and 
laid flat on its side. 

The flame traversed all the intake air-ways, except the new east 
road, and died out in some nearer to, and in others further from, the 
faces. It did not in any caso pass into a return air-way. It did not 
rbach the faoe of the workings at any point. 

The’ new east road was quite undisturbed. Two men who were 
working in it felt a concussion of the air, but saw no flame, and came 
ont unscathed. This result appears to be duo entirely to the circum¬ 
stance that the principal stables were ranged along the entrance to 
this road, and the gronnd having been kept constantly wet with the 
water used in the Bervioe of the horses, the flame was unable to pass 
that point for want of coal-dust to sustain it. 


II. “ Second Note on the Geometrical Construction of the Cell 
of the Honey Bee (‘ Roy. Soo. Proc.,’ vol. 39, p. 253, and 
vol. 41, p. 442).’’ By Professor H. Hknnesst, F.R.S. 
Received February 21 , 1887. 

If from the intersections of the diagonals of the three losenges 
forming the apex of the cell, perpendiculars be erected, these will 
meet at a point on the cell’s axis, and each of them is manifestly the 
radius of a sphere tangent to the three lozenges. A plane passing 
through a radius and the axis passes through the short diagonal, e, of 
the Iosenge whose length is hV{ 3/2) ; using the notation and results 
of the paper above cited. 

The distance intercepted on the axis by a perpendicular let fall 
from the middle of the Iosenge is equal to » = fi/(2*/2), and aa this 
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perpendicular is manifestly equal to — »*), and as we have 

evidently— 


—**) 2 ® 


•we obtain r = \hf8 


Bat h \/3 is a diameter of tbe hexagonal prism perpendioalar to two 
of its opposite facts hence a sphcro may be inscribed within the 
cell from a point measured fiom the vertex at a distance equal to tbe 
side of one of the lozenges and with a radios o jual to half the long 
diagonal of this lozengo, while another sphero with a diameter equal 
to throe times tho side of the lozenge circumscribes the triangular 
pyramid at the summit 

The diameter D of the inscribed sphere is equal to the diameter of 
the cell while the diameter O of the exten r sphere is equal to the 
sum of three edges of the pyramid, and it thoroforo follows from the 
first note vol 41 that between theso diamotors we* have the 
expression— 



The rotation between the geometnoal cell and the intonoi and 
exterior spheres whose diameters are connected by this equation may 
possibly have some bearing on the question of the formation of the 
actual cells 


III The Embiyology of Mon tremata ind Marsupmlia Part I 
By W II Caldwell M A h tllow of (ronville ami Caiua 
College Cimbudge Communicated by Prof M If OSTEK, 
Sec R b Received If cbiuaiy 22, 1887 
(Abstract )• 

1 The L jg membrane* 

InMonotremata in very young ova a fine membrane exists between 
the single row of follicular cells and the substance of the ovum This 
membrane which I will call the vitelline »let ibrane at first increases 
in thickness with the grow th of the ovum and through it pass name 
rous fine protoplasmic processes connecting the protoplasm of the 
folhcnlar cells with that of the ovum, and serving to condnot food 
granules, whioh appearing m the neighbourhood of the nuolei of the 

* lho author being at tho present time m Australia and so unable to oorrect th< 
proof of this abstract I have undertaken this duty In doing so I bare ventured 
for the sake of what appeared to be mueased olearnets to introduce into 11 some 
modifications of the author s manuscript being guided therein by the author • more 
detailed aoeouut given in the fuller paper —H Kosxxx Sec B 8 
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oells, travel thence to the ovum; food granules also appear in 
the neighbourhood of the germinal vesicle, and travel away from 
it hence the horse-shoe shape of the yolk-mass as seen in seotion. 
The time during which food granules are thus passing fiom the 
follicular cells to the ovum may bo called “ the yolk forming period ” 
It is succeeded by a period during which the vitelline membrane 
again becomes thin, the follicular cells are reduced to a single layer, 
and the cells are very thin and flat This period may be called 
the “ absorption of fluid period,” since during it the ovum absorbs 
large quantities of fluid through the thin vitelline membrane and 
single layer of thin follicular cells, and thereby increases largely in 
sise 

This is in turn succeeded by a third period, during which the folli- 
onlar cells again become active, multiply, increase greatly in size, and 
give rise Jwtween themselves and the ntelhno membrane to a deeply 
staining homogeneous layer, which I will call the chonon. This period 
may hence be oalltd “ the chonon forming penod ’ All these throe 
periods are gone through while the ovum is atilt m the follicle 

Upon the bnrsting of the follicle and tho reception of the ovum in 
the Fallopian tnhe, a few of the follionlar colls remain attached to the 
chonon , the majority are left behind within the burst follicle 

Dnnng the passage along the Fallopian tube, the vitelline mem. 
brane again increases m thickness, and the chonon, aim increasing in 
thickness, absorbs fluid and becomes thi albumen layer Outside this 
now appears anew stmotnre, the ihell or shell-membrane, of tough 
parchraent-like consistency,* not staining with reagents I base not 
yet traced the deposition of the shell to the activity of any special 
glands, but I can say that the shell-membrane does not increase at 
the expenso of the chonon or albumen layer 

After reaching the uterus both vitellino membrane and shell-mem¬ 
brane increase in thickness, but the albumen layer diminishes and 
disappears, serving apparently for the nutntion of the ovum Imme¬ 
diately beneath the vitelline membrane a new layer is now seen in 
hardened preparations, but it may be shown that this layer is really 
fluid, yielding a ooagulum which stains deeply with reagents, the 
fluid being apparently derived, through the membranes, fiom the 
utenne glands 

In Marsnpi&ha the history of the vitelline membrane, save that 
“ the yolk forming penod” is not marked off from the “ absorption of 
flmd” penod, is similar to that in Monotromata I have not been able to 
trace the beginning of the “ chonon ” while the ovum is still in the 

* In the shell of the Istd egg of Echidna I hare not detected oolcio salts, but that 
of Ornithorhyncus gives rise to gas when treated with dilute acid 
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ovary, in Manapialia but in an ovum of Ph&scolarctos, from (ha uterus, 
I found a chonon like (hat of Monotremata, and frarrounded moreover 
by a thin transparent membrano—a shell membrane Within the uterus 
the ohonon, increasing in thickness, becomes transformed into an 
albumen layer, and is eventually absorbed, passing through the 
vitelline membrano to nourish the ovum, bo that eventually the 
vitelline membrane comes to be close to the shell 
As in Monotremata, a coagulable, and when coagulated, deeply 
staining fluid makes its appearance between tho vitelline membrane 
and ovnm (blastoderm) 

Tho shell membrane persists until the developing ovum becomes 
fixed to the walls of the uterus after which it disappcais 

Tho paper then compares the egg membianes just desenhod with 
those of Plaoentalia, and tliOBe of Vertebrata generally 

2 Segmentation 

Tho teloleoithal ova of Monotremata and Marsupialia go through a 
partial segmentation The ova of Plaoentalia segment completely, 
but the resulting blastodermic vosicle is identical with that produced 
by partial segmentation in Monotromata and Marsupialia 

In Monotremata there is a posterior lip to the blastopore similar to 
that of Elaamobrancliii The epiblast grows in so rapidly from the 
sides that a pnmitivo streak region is formed in front of the postenor 
lip long beforo the epiblast has enclosed the yolk This unenclosed 
area in front of the primitive streak probably includes & region 
whore the hypoblast (yolk) has secondarily broken through the 
epiblast The existence of such a region would hide tho position of 
the anterior lip of tho blastopore The circumference of the circle 
made up by the larger arc of the edgo of tho blastoderm on the yolk, 
and the smaller aro of the postenor lip of tho blastopore, is a 
measure of the quantity of yolk in a moroblastio ovnm 

J» Marsupialia the epiblastic growth encloses the hypoblast at 
a very early age, except over a narrow sht in front of the postenor 
hp of the blastopore This slit corresponds to tho aiea enclosed by 
the circle described above m a meroblastic egg The pnmitive streak 
is not conspicuous at aft early age because of the laigo size of the 
cells No hypoblast projects through the epiblast in front of the 
pnmitive streak region I would explain the segmentation and the 
gastrnla of Placentalia m the same way Balfour s objection (‘ Comp 
Embryol,' vol 2 p 187) to Van Beneden a onginal comparison of the 
blastopore of the rabbit with that of a frog, is explained awaj by 
the presence of a postenor Up to the blastopore m Marsupialia My 
explanation postulates tho existence of a similar structure in the 
rabbit The blastopore of the rabbit corresponds therefoie to the 
whole area marked out by the growing epiblast and the postenor hp 
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of the blastopore before the dosing of the primitive streak region, or, 
to this area minus the secondary extension, caused by the projecting 
yolk, in Monotremata. 


IV. “On the Total Solar Eclipse of August 29, 1886 (Pre¬ 
liminary Account).” By Arthur Sohubtbr, Ph.D., F.R.S., 
Professor of Applied Mathematics in Owens College, Man¬ 
chester. Received March 3, 1887. 

Tho instrument cntnistod to me by the Eclipse Expedition was 
similar to that employed in Egypt during the eclipse of 1882. The 
eqnatoreal stand carried three cameras, one of which was intended 
for direct photographs of the corona, while the two others wore 
attached to spectroscopes 

Photograph* of the Corona .—The lens had on apertnro of 4 inches, 
and a focal length of 5 feet 3 inches; giving images of the moon 
having a diamoter of about 0 6 of an inch. 

During the first minute of totality the corona was covered by a 
cloud, which was, however, sufficiently transparent to allow the 
brightest parts of the corona to show on the two photographs exposed 
during that timo 

During the remaining time, that is to say, daring about two 
minntes and a half, the sky was clear, but there were cloudB in the 
neighbourhood of the sun. 

The time of exposing the photographs, which had been fixed before¬ 
hand, had to be altered in consequence of the uncertainty of the 
weather, and for this reason I can only give tho actnal times of expo¬ 
sures >ury approximately and from memory One photograph on 
sensitive paper shows only little detail; but three photographs on 
glass were obtained, which, as regards definition, I believe to bo equal 
to those obtained in Egypt. The approximate exposures were 15 to 
20 seconds, 10 to 15 seconds, and about 5 aoconds. 

With the view of possibly increasing the amount of detail, which it 
has hitherto been possible to obtain on the photographs of tho corona, 
I have, on this occasion, given considerable ^attention to the different 
adjustments, so as to fix the cause which at present limits the defini¬ 
tion. A telescope of 4 inches aperture ought to separate two Bmall 
objects which are at au angular distance of about 6 seconds of aro. 
The theoretical resolving powercan only be realised with small and 
distinct objects like, double stars; in an object like tho corona it is 
difficult to estimate the resolving power actually obtained. Neverthe¬ 
less, as far as 1 can judge, the photographs obtained in Egypt and in 
Grenada with the same instrument show no detail which theoretically 
conld not have been seen with an aperture of 1 inch. The photo- 
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graphs obtained in India during the eclipse of 1871 show about the 
game fineness of detail as those obtained m 1882 and 1886, but the 
aperture then employed was only 2 inches It appears from this 
either that tho corona does not os a rule show sufficient detail to 
warrant an aperture gi eater than 2 inches, or that for some other 
reason tho full advantage of an aperture of 4 inches has not been 
realised 

A linear object having an angular magnitude of 6 seconds of arc in 
a camera of 63 inches focal length would have a length of about 
tho 000th part of an inch in the photographic plate Remembering 
the fact that diffraction gratings have been photographed with 17,000 
lines to tho inch, it is clear that it cannot be the fault of the photo* 
graphic film if greater definition is not obtained 

Ihe different adpistmcnts which it is in th power of the observer 
to regulate can all bo easily made to the required accuracy I 
feel certain, at any lato that during the last eclipso the orienta¬ 
tion of the instrument and the average rate at which the clock went 
duung tho eclipso were sufficient to give the theoietical resolving 
power 1 hero seems to me to be only one way m which an improve 
ment in the photographs can be hoped for The mechanical anangc 
mrnt by means of which tho clock motion is tiansioned to the camera 
is fai from perfect 1 he sci les of cogged wheels which transmit the 
motion must do so in ray opinion, in an megular nnd oscillatory 
manner, so that although the average rate of the clock can be regu 
latcd with Bnfficient accuracy, thure arc minor periods which senonsly 
interfere with the 1 egulanty of the motion and tho definition of the 
images If we are to obtain better photographs if tho corona we can 
only hope to do bo by means of a bettci mechanical arrangement for 
moving the cameia 

Photograph, of the Spectrum of the corona were obtoinod by means 
of two instruments one being identical with that employed at 
Caroline Island in 1883 This spectroscope has two pnsms of 62® 
refracting anglo, the theoretical resolving powei being about 10 in 
the yellow (The unit of resolving power is that resolving power 
which allows of the separation of two lines diffoung by the thou 
sandth part of their own wave length ) The slit of this spectroscope 
was placed so that it was tangential to the image of the sun formed 
by the condensing lens One plate was exposed during the whole 
of totality The results are good, a nnmboi of lines belonging to the 
prominences and to the corona are very distinct and can be measured 
with fair accuracy The difficulty of measurement lies in tho multi¬ 
tude of lines I have measured at piesent between forty and fifty 
distinct oorona lines between the solar lines F and H, and a number 
remain unmeasured 

A comparison between the photographs of 1882 and 1886 shows 
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that although the lines seem to he in the same position their re la tire 
intensity has greatly altered The strongest corona line during the 
last eclipse had a ware length of about 4232 it is slightly but 
distinctly less refiangiblo than the strong calcium line at 4226 
The measurement of the photographs is very fatiguing to the eyes 
and it is only when those are in exceptionally good oondition that the 
work can be done with any degree of accuracy The delay in bnng 
ing out a full report is solely due to this difficulty 

Ihe scoond spectroscope had its slit placed so as to take a ladial 
section of the corona It had one large prism giving a theoretical 
resolving powor of 114 slightly Iaigei therefore than the two 
prism spectroscope 

The film was one piepared by Captain Abney so as to be more sen 
Sitire in the green than tho ordinaly {latos 1 

The photograph obtained is faint but 1 believe will ultimately give 
good results 

A. good di awing of the corona was obtained by Captain Mating at 
the station occupied by Captain Darwin and myself 

Tho platos weio piepared by Captain Abney whose valuable help 
1 have had in the whole of tho preliminary arrangements 
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Transactions 

Leipzig —Konigl Sachs Gesellschaft dei Wis sense haft on Benohto 
(Math Pliys Olaaae) 1886 Supplement 8\ o Lnpzig 

1887 The Society 

Li6ge — Socilte Geologique de Belgique Procos Verbal de 
1 Assemble© dn 21 Novembre 1886 8vo Ltige 1887 

The booiety 

London —Odontological Society Transactions Vol XIX 
No 4 8vo London 1887 The Society 

Photographic Society Journal and Transactions Vol XI 
No 5 Bro London 1887 I ist of Members 8vo London 
1887 The Society 

Royal Institute of British Architects Journal of Proceedings 

Vol in No 10 4to London 1887 The Institute 


Observations and Reports 

Bombay —Brief Sketch of the Meteorology of the Bombay Preei 
denoy, 1886-86 Folio [Bomba y] 1887 

Meteorological Office Bombay 
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Observations, <fco (continued,) 

Florence —R Biblioteca Nanonale Centrale Indict e Cataloghi 
IV Vol I Faso 1-5 VI-VII 8vo Bona 1885-87 

The Library 

Kew —Royal Gaidens Bulletin of Miscellaneous Information 
No 2 8vo Lon ion 1887 The Director 

Kiel —Commission vui Untersucbung dor Dentschen Meere 
Ergobnisse dei Beobaohtungsstationen Jahrg 1886 Heft 4 6 
Obi 4to Berlin 1887 The Commission 

KomgHberg —Astronomische Beobachtnngen auf der KOmgliohen 
Univeraitats Sternwarte Abth XXXVII lheil 1-2 Folio 
Konigtberg 1882 1886 The Observatory 

Madrid —Comision dol Mapa Geologioo de Espana Memonas 
1883 18b5 8vo Madrid The Commission 

Montreal —Geological and Natural History Survey of Canada 
Annual Report, with Maps 1885 8vo Montreal 1880 

lhe Survey 

Pans —Seivice Hydromctnque du Bassin de la Seine Resume 
des Observations Centralistos Anneo 1885 8vo VertailBt 
1886, Observations sur les Gours d Eau et la Pluie Annee 
1885 holio VeitaiUuim 

MimsU.ro des Travaux Publics 
Rome —Pontificia UniversitA Gregoi lana Bollottino Meteorologico 
Vol XXV Num 7-10 4to Bona 1886 

The University 


Brediohin(T) Sur les GiandesCometesdel886 8vo Motcou 1887, 
Sur la Grande Comote de 1886 / (Barnard) 8vo Motcou 1887 

The Author 

Jones (T Rupert), F R S History of the Sarsens 8vo [Devtzet] 
1887 The Author 

Soaeohi (A) I Composti Fluonu dei Vulcani del Laxio 4to 
[Vapoli] 1887, Le Fiaiioru Polverose e bil&mentose dei Vuloam 
4to Napoli 1886, Sopra un hrammonto di Antioa Roceia 
Vulcamca 4to Napoli 1886 The Author 

Tavitian (S ) De 1 E ou du Positif de 1 £tre qui est 1 Objet de la 
Science Positive 8vo Pant 1887 The Author 
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“ Contributions to the Chemistry of Chloiophyll No 11 ” By 
Edward Sohunck, F H S Received November 25,—Read 

December 16, 1886 

[JPlatk 1 ] 

Considering the intimate thongh os yet little understood con¬ 
nexion between chlorophyll and the carbon dioxide of the atmo 
sphere it seemed to me that it might be of mtoiest to ascertain 
whether compounds of phyllocyanm, similar to thoso pievionsly 
described, could he obtained m which the oigamc or other aoid should 
be replaced by carbonic u< id 

On passing a current of caibon dioxide through a solution of 
phyllocyanm in absolnto alcohol holding a quantity of freshly 
precipitated hydtated ferrous oxide in suspension, no combination 
took place, the phyllooy&mn remaining unchanged, thongh the 
current of gas was passed through the liquid for a consideinblo time 
On substituting freshly precipitated ouprio oxide fn the firroua 
oxide there were slight indications of some leaction taking place, but 
the phyllocyanm remained for the most part uncombined 

A much more decided effect is piodneed when nno oxide is 
employed On passing a cun ent of carbon dioxide foi several hours 
through an alcoholic solution of phyllocyanm holding hydrated /rao 
oxide in suspension, the colour of tho liquid changes by degrees, tho 
dull phyllocyanm tint disappcanng On being filteicd from the 
excess of zme oxide (which n tains a pale green t nt not lemovable 
by washing with alcohol) it appears of a fine bluish green it fluoresces 
strongly, and shows abbor ption bands which coincide with those of 
the alcoholic solution of phyllocyanm zinc acetate The liquid leaven 
on evaporation a daik green semi crystalline residue, which may be 
heated to 150° without undergoing any ohango, but is decomposed at 
a temperature of lbO—170° It is, however, very easily decomposed 
by the action of strong acids On adding a little hydroohlono acid 
to its alcoholic solution and heating, bubbles of gas are seen to 
escape, tho colour of the solution changes to bine, and on now adding 
water thcro is a dull flocculent precipitate, whioh dissolves easily on 
shaking up with ether, the solution showing the oolour and absoip 
turn bands peculiar to phyllocyanm solutions There can bo no 
doubt, therefore, that the compound formed is a phyllocyanm zinc 
carbonate, which by the action of strong acids is decomposed, yielding 
phyllocyanm and carbon dioxide An alcohoho solution of tho com¬ 
pound exposed in an open test-tube to sunlight soon loses its bright- 
green colour and becomes yellow, the absorption-bands at the same 
time disappearing 
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The compounds of phyllocyamn containing nno are in some 
respects not unlike chlorophyll itself, or rathor the green constitnent 
of chlorophyll, and it was, therefore, natural to snppose that the 
peculiar effect* observed when sine powder was made to act on 
Hoppe Seyltr s chlorophyllan (impure phyllocyamn P) were due to 
regenerated ohlorophyll The phyllocyamn sine compound*, like 
chloiophyll itself, yield bright green strongly fluorescent solutions, 
they are easily decomposed by strong acids and thoy are rapidly 
changed under the combing influence of air and light The absorp¬ 
tion spectrum of the phyllocyamn zinc compounds consists like that 
of chloiophyll of foui bands, but the bands do not oxactly coincide 
with those of chlorophyll as rcgaids position and lelativo mtensity 
In making snoh comparisons it must not of course be forgotten that 
what we in a general way call chlorophyll is a mixtuio the com 
ponents of which have not hithorto been separated fiom ono another 
in a satisfactory manner 

lhe various double compounds of phyllocyamn aio not equally 
susceptible to the influence of ail and light they differ as muoh m this 
respect, inter s , as do phyllocyamn and chlorophyll, the foimer being 
a very stable body, the lattci exceedingly unstable lho compounds 
containing zinc aio most easily changed, while those containing 
coppei are very permanent 1 hose diffei enoes were oloai ly manifested 
m an experiment of which the results were a* follows —A dilute 
alcoholic solution of phyllocyamn was divided into four iqual parts 
In one part the phyllocyamn was left nncombmed m the second 
part it was by tho addition of acetic acid and tine oxide and boding 
changed into phyllocyamn zmo acetate while in tho third and fourth 
part* it was in like manner converted into phyllocyamn feiron* 
acetate and phyllocyamn cupric acetate respectively All foui liquids 
having been made equal in volume by tho addition of alcohol where 
required, were exposed from the end of July in loosely stoppered 
cylinders to alternate sunlight and diffused daylight, an alcoholic 
eolation of ohlorophyll of approximately the same intensity a* the 
phyllocyamn zinc acetate solution being placed in s fifth vessel at tho 
side After three days’ exposure the chlorophyll eolation had 
become nearly colourless though it still showed bands dne to ready- 
formed phyllocyamn After one week s exposure the phyllocyamn 
uno acetate solution had m like manner lost the greater pait of its 
green colour, retaining only a faint greenish-yellow tinge with a 
slight fluoresconce, and showing a faint band m the red After a 
fortnight’s exposure the solution appeared nearly colourless, and the 
hand in the red could only be seen when the light passed through a 
considerable thickness of liquid, while the other solutions were quite 
unaltered as regards colour and absorption bands After a further 
exposure of five weeks the phyllocyamn solution had become muoh 
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paler, though still showing the characteristic absorption bands, while 
in the solution of the ferrous compound only a faint indication of the 
band in the red oonld be seen, the solution of the cupno compound 
remaining quite unchanged as regards intensity of colour and distinct¬ 
ness of absoiption After a still further exposure the absorption- 
bands of the phyllocjanm solution had nuiily disappeared, only a 
faint indication of the one in the rod remaining, but no change conld 
be perceivod m the solution of the cupric compound It appears, 
therefore, that while the zinc compound* shows far less stability 
when oxposed in solution to the action of air and light than unoom- 
bined phyllocyamn, being indeed almost as unstable as chlorophyll 
itself, the cupric compound is far more stable, the ferrous compound 
occupying in this respect a position intermediate betweon that of the 
sino compound and that of nnoombined phyllocyaniA There are 
few compounds of colouring matters which would withstand tho 
combined action of light and oxygen for so long a period as phyllo 
oyaiun cnpno *acetate Ihe instability of the zinc compound must 
be due to tho nature of the oompound itself, for it is difficult to 
suppose that the metallic base can in any way assist m the process of 
oxidation, for snch the process muBt be 

Action of Caustic Alkali and Aina on Phi/llocyamv —When phyllo 
cyamn is tieated with boiling caustic potash lye to which zinc powder 
is added, it dissolves rapidly, yielding a dark greenish blue solution, 
which after filtration from the excess of smo, gives with acetic acid 
a green precipitate Ihis precipitate, after filtration and washing, 
dissolves in other, giving a fine bluish groen fluorescent solution, 
wbioh resembles the solutions of phyllocyamn zinc acetato, but shows 
a slightly diffnent spectmm all the bands except the first being 
further away from the red The ctheieal solution leaves on spon¬ 
taneous evapoiation an amorphous residue, which is green by trans¬ 
mitted, pm pie by reflected light When instead of acetic acid hydro 
chloric acid u added to the greenish blue alkaline solution, there is a 
dark green precipitate, which differs from phyllocyamn inasmuch as 
its ethereal solution is greener and far more fluorescent than an 
ethereal solution of the latter, and shows a speotrum of fire bands, 
all of which lie farther away from the red than the corresponding 
ones of phyllocyamn It is probable that the precipitate with hydro- 
ohlono acid consists of a product formed by the reducing notion of 
sino on phyllocyamn, whereas the precipitate with acetio acid lepre- 
sents the double oompound of this body with zinc and acetio acid, 
being formed when aootio acid is added to the solution containing the 
product of reduction along with sine oxide 

Action of Hydrochloric Acid and Metallic Tin on Phyllocyamn — 
When metallic fan is added to a solution of phyllocyamn in concen¬ 
trated hydrochloric acid, the solution on standing gradually loses its 
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bright bluish-green colour, which changes to a doll olive-green The 
addition of water to the solution produces a brown preoipitate, which 
being filtered off and washed to remove the acid, dissolves muoh more 
easily in boiling alcohol than phyllocyawn, giving a dark olive 
coloured solution This solution loaves on evaporation a brown 
amorphous residue, which treated with ether dissolves for the most 
part 1 he ethei eal solution has a green colour with a tinge of red, 
and shows a spectrum consisting of eight bands, it leaves on evapo 
ration a semi crys^llme residne, which is groen by transmitted 
purple by reflected light On the addition of concentrated hydro¬ 
chloric acid it sepai atea into two distinct layers, the upper one being 
colourless, while the lower one is green and shows four bands 

By the prolonged action of tin on the solution of phyllocyamn m 
hydrochloric acid, a farther and more complete change is effected tho 
solution acquiring a bright red colour without the least tinge of green 
On adding water tho solution gives a red flocculent precipitate, which 
filtered off and washed appears dark red the hltrato letaining an 
orange oolour, and showing a broad ill defined band, covering part of 
the green and blue The precipitate dissolves almost entirely in 
warm alcohol, giving a bright red solution This solution, on adding 
a little caustic alkali, acquires a bright lemon yellow colour, but the 
red colour is restored by an excess of hydroohlono acid the alkaline 
solution Bhows a broad band betwoen the green and bine but on 
standing a short time exposed to the air it changes becoming of a 
deeper yellow, and it now shows a spectrum of three bands one in 
the yellow, one m the gieen, both pale, with a dark band between the 
green and blue The red alcoholic solution leaves on spontaneous 
evaporation a reddish brown amoiphous residue, which dissolves only 
in part in boiling ether, giving a reddish brown solution, which shows 
a peculiar spectrum of six bands The body showing this spectrum is 
probably a product of oxidation of the red substance Tho acid liquid 
filtered from the red precipitate, after removing the tin with sul¬ 
phuretted hydrogen, is found to contain a more trace of organic 
matter 

The colouring matter formed by the action oE tin and hydrochloric 
acid on phyllooyamn resembles in some respects those contained in 
the petals of red flowers Hitherto, however, I have not snooeeded m 
finding among the latter any one exactly liko it 

Examination of the Mother liquors of Phyllocyan in —Having some 
reason to saspect that the acetio acid mother liquors of phyllooyamn 
contained some othei substance similar to it of definite chaiaotei, I 
added watei to a portion of these liquors, so as to throw down the 
whole of the colouring matter contained in it The flooculent pre 
capitate was filtered off and dissolved in boiling aloohol The Boln- 
turn on oooling gave a oiystallme deposit whioh was found to possess 
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all the properties of phyllocyanin. I think therefore that the mother- 
liquors oontained that colouring matter only, along with fatty matters 
and Other impurities. 


EXPLANATION OP PLATE. 

Absorption Spectra of riylloeyamn and tie principal Compound* and Derivation. 

1. Chlorophyll in alcohol. Thu spectrum » given merely for the »ake of com¬ 

parison, not as a new representation of wliat liai so frequently been depioted 
by other* * 

2. Phyllocyanin in ether. 

5. Phylloeyamn in concentrated hydrochloric arid. 

4. Phyllocyanin cupno acetate in other. 

6. Phylloeyamn ferrous palmitate in alcohol. 

8. Phyllooyamn ferrous palmitato after treatment with hydroohlorio head in the 
cold 

7. Phylloeyamn ferrous palmitate after treatment with boiling hydroohlorio acid. 

8. Phyllocyanin ferrous rnalate in alcohol 

8. Phylloeyamn ferrous malato after treatment with hydroohlorio acid. 

10. PhyUooyamn xino carbonate m alcohol. This spectrum should be compared 

with that of chlorophyll 

11. Product obtained by treating phyllocyanin with caustic alkali, then with aoetio 

acid, in ethor. 

12. Product formed by the iuithor action of acetic acid on tho preceding, m ether. 
18 Product of the aotion of aloohoho potash or soda on phyllocyanin, in ether. 

14. First product of the action of tin and hydrochlono acid on phyllocyanin, in 

ether. 

15, Final product of tho action of tin and hydrochloric acid on phyllocyanin, in 

ether. 
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March 24, 1887. 

Professor STOKES, D.C L, President, in tho Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

Major A. W. Baird, B E. (elected Jnne 4, 1885), was admitted into 
the Society. 

The following Papers were read .— 

I. “Preliminary Note on tho • Radio-micrometer,’ a New 
Instrument for Measuring tho Most Feeble Radiation.” By 
C. V Boys, Demonstrator of Physios at tho Science 
Schools, South Kensington. Communicated by Professor 
A. W ROokeb, F.R.S. Received February 24, 1887. 

Till lately the thermopile and galvanometer have afforded the 
most delicato means of detecting and measuring radiant energy. This 
combination has been surpassed by Professor Langley, who has made 
use of the increased resistance of motallic wiros or the diminished 
resistance of a carbon filament when warmed 

It seems difficult to believe, in consoquenco of the very small change 
of resistance which even iron undergoes when slightly warmed, that 
this is tho best principle to make use of in designing the most sensi¬ 
tive possible instrument. I felt that if an instrument depending on 
thermo-electrio force could be made as beautifully as Professor 
Langley’s bolomoter, a better result ought to he obtained. The one 
point in whioh the bolometer has a groat advantage is the small mass 
of the part to be heated, whereas a thermopile, delioate as the bars 
may be, has a mass so enormouB that both the rate of heating and the 
ultimate rise of temperature muBt be small in comparison. 

A thermopile with bars as thin as the wires of the bolometer cannot 
be made with antimony and bismuth, and yet such a construction 
would be required before the thermo-electrio force conldbe utilised to 
the same extent that the change of resistance is in the bolometer. 

If the conducting wiros had no resistance, no advantage would bo 
gained by having more than one junction, provided that the galvano¬ 
meter were properly proportioned. If it were not for the resistance 
and tonion of the strotched wires, the moving ooil galvanometer of 
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Depre* (on the principle of Sir W Thomson's nphon recorder) 
would have many advantages It occurred to me that if an active 
bar were made with two pieces of metal, antimony and bismuth, 
as thin as possible, soldered edge to edge, and if the ontor edges were 
joined by an arch of copper, and if this were hung m a strong magnetic 
held, all the advantages of an ideal thermopile and of the Depres 
galvanometer wonld be gamed, while the impossibility of the former, 
and the resistance and tension of the stretched wnes of the latter, and 
the resistance of the wires connecting the thermopile with tho galvano¬ 
meter would be abolished I anticipated that a greater delicacy wonld 
be obtained than has been considered possible, thAt the instrument 
wonld be convenient in that it wonld be of necessity dead beat, that 
its indications would be proportional to the received radiations, that 
it wonld have the constant and definite rero which mechanical control 
such as torsion gives, that it would not be affected by tho magnetism 
of objects near it, and that as tho cirenit could be susponded m a hole 
in a mass of metal with one window for the ladiation to enter, the 
instrument should be very insensitive to temperature changes other 
than those in tho line of action It has the further advantage that 
for spectroscopic work the radiation may be limited by a narrow slit 
without much reducing its sensibility * It is, howovor, a fixed instru¬ 
ment that cannot bo handled and pointed like the thermopile or the 
bolometer 

I have made some preliminaiy experiments to test these oonolnsions 
One instrument, made by my friend Mr Cunyngliame very roughly 
with a torsion wire suppoit only a few inchos long, ib fairly sensitive 

One which I made with tho active bar about 6x8X^ mm, and 
with a circuit 1 om square, of one turn of which tho three sides are 
made of copper wire about $ mm in diameter, and in which the 
motion of the cirenit is resisted by a torsion fibre of tbe finest spun 
glass about 10 om long, gives when placed on the poles of a permanent 
magnet results so good that I have ventured to submit the instrument 
for inspection to tbe Boyal Society This particular instrument is 
capable of showing the heat whioh wonld be cast by a candle flame 
on a halfpenny at a distance of 200 yards t As I have not yet em¬ 
ployed what I know to be the best proportions, it is evident that very 
great sensibility is possible 

* I should have mentioned tbat much larger angles oould be measured if the 
fibre were suspended by a torsion head and tbe fight brought to a definite position 
for every observation —[ Jfarek 2 1887 ] 

f This same instrument with a 38 cm fibre in a field of about 100 units only, 
gave a defleotion of 4 5 om when the heat cast by a oandle flame 12 feet off fell on 
the active bar which was exposed over a surface of 4 x 8 mm , therefore a candle 
254} feet distant would produce a visible effect, or tbe heat which would fall on a 
halfpenny 1188 feet from a oandle flame would be suOcient to be observable if it 
were directed on to the active bar —[JfsreA 2,1887 ] 
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It is easy to calculate exactly what deflection will be caused by a 
given rise of temperature m any mstinment Taking quantities, all 
of which can be easily obtained, namely, antimony and bismuth, eaoh 
5 X 5 X 0 2S mm , one arch of copper wire one eighth of a square mm 
in section, completing a circuit of one squaie cm, suspended in 
a field of 10,000 units by a thread of such a torsion as would 
give an undamped period of oscillation of 20 seconds, the least move* 
ment that could be detected w ould be produced by a rise of tempera* 
tare of about one ninety four millionth of a degree centigrade It 
seems to be capable of attaining about 100 times the sensitiveness of 1 
the bolometer Farther the electromotivo force acting at this tempo 
rature would be only abont one million millionth of a volt, whioh 
is probably smaller than any that can bo detected by other 

I am now engaged m working ont such details as the various 
maxima Thus for a certain shape of circuit and number of turns a 
certain thickness of copper gives the best result, of vauous shapes 
the rectangle only is practically convenient, but taking the best 
thickness of wire for each successive longth, a ceitam length is better 
than any other, with a particular shape and the best thickness two 
turns are better than one or three hut it does not follow that this will 
be so for all shapes no advantage is gamed by cmplojing more than 
one junction An increased sensibility may bo produce l by either 
using a longet torsion thiead ora stronger field a cerium relation 
betwoen these and the resistance will give a maximum quickiuss 

The conductivity of aluminium oompai ed to its mass is as is well 
known, moie than that of anj other material, so it would be pre¬ 
ferable to copper if it wero not for the difficulty of sojdei ing it 

The instrument may bo made with a second active bar, forming 
the other ond of the rectangle, with its own window, and can thus 
be need differentially, one bar being exposed to tho radiation to bo 
measured and the other to any compensator 

It is interesting to note that the dampir g action is slightly reduced 
by the Peltier effect 

I anticipate some difficulty in using the field ptoduced by an electro¬ 
magnet, for even if the effect of the heating of the coiIb by the 
current can bo avoided as I think it may by the use of long iron con 
nectrag rods passing thiough water, any variation of ouirent will 
give use to motions of the suspended circuit, the nature of whioh I 
described in the 'Phil Mag, September, 1884 But after these, 
difficulties are removed, there will remain the diamagnetism of the 
three metals and the great damping action With fields of reasonable 
strength, the diamagnetism may be set against the torsion of the 
thread, so that bat fooblo controlling force may be obtained by a 
thread of moderate longth, bat for electromagnetic fields I propose to 
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punt the circuit with a eolation of a salt of iron until it u mag¬ 
netically neutral 

Mr Cunynghame suggested to me when I explained to him mjr 
news, that a rotating instrument might possibly be made like 
Crookes radiometer Aflei some troublo I have devised and made a 
most simple rotating pile It consists of a cross with bismuth arms 
and an antimony centre To the end of each ai m is soldered a pieee 
of copper wire, the four wires being parallel to oneanothei, and at right 
angles to the plane of the cioss The four free ends of the wires are 
soldered to a ung of coppei wire parallel to the cross If this is 
balanced on a point betwocn tho poles of a permanent magnet, and if 
radiant heat is allowed to fall on the right hand side of tho cross, 
looking from the north to the south pole, the cross will at once begin 
to oscillate, making largei and larger oscillations uhtil it rotates, 
which it will do indifferently m either direction If the heat falls 
upon the left hand side any motion that it may hare u at once 
arrested It follows that if the source of heat is removed and the 
cross is turned mechanically, the light hand side will be cooled and 
the left waimed 

If the cross is mado with antimony arms and a bismuth centre, 
then what was true of the light hand side is now true of the left, and 
«»C8 t end 

Instead of a cross and four wires 1 think an antimony disk, with 
many piooea of bismuth and many wues or with a nng of bismuth 
and many wires forming a sort of drum armature would give a 
better lesult, but tho one described with fonr arms rotates rapidly 
when the Hp&ik at the end of a blown ont match n» held near it 

We have in this rotating pile, which might be called an electric 
radiometer, an electromagnetic raotoi which is almost an exception 
to the axiom that such an engine cannot bo made without sliding or 
liquid contacts 

I am now working out fully the conditions of maximum sensibility, 
and hope to communicate shortly a paper to the Royal Society, in 
which they are discussed, and at the same time to show an instrument 
of the best construction and some results obtained with it 


Note added March 23, 1887 

I have found, both by calculation and experiment, that the move- 
‘ment of the circuit becomes perfectly dead beat with a field of a little 
over 1000 units, therefore advantage is gamed by using more than 
one junotion, as a stronger field can then be nsed before the motion 
beoomes dead beat 

I have spoken of a fine glass fibre as a tomon support Sinoe this 
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vm written I have discovered a method of making fibres with a 
perfect elasticity, and so have avoided the moonvenicnco of the 
shifting zero of the glass fibre, and with a torsion, if required, ten 
million times less than that of span glass This will be described at 
the next meeting of the Physical Society 


II ‘ Note to a Memoir on the Theory of Mathematical Form 
(‘Phil Tians’ 188b (vol 177) pi)’ By A B Kkmpk, 
M A, F R S Recen ed February 2b, 1887 
An interesting letter of mticism from Profissoi C S Puree on 
tny recently published Memoir on the Theory of Mathematical Form 
has led me to leconsider certain paragraphs therein relating to the 
definition of what I have termed “ aspects, ’ and I am anxious to 
make the following amendments 
For Section 5 substitute— 

5 In like manner some pairs of units are distinguished from each 
other, while others are not Pairs may in some cases be distinguished 
even though the units composing them are not ihus the angular 
points of a square are nndistinguishablo from each other and a pair 
of such points lying at tho extremities of a side arc undistinguished 
from tho three other hko pairs bnt are distinguished fiom each of the 
two pairs arrived at by taking the angnlar points at tho extremities of 
the diagonals, which pairs again are undistinguishable from each 
other bnrther, though two nmts a and b are undistinguishable 
from each other, an absence of symmetry may cause ab to be dis¬ 
tinguished from ba Thus if wo put aside differences arising from 
their positions on the paper and the use of reference letters (Secs 
41 and 42) the three black spots, a, b c, shown in fig 1, are undis¬ 
tinguished fiom each othei but ab is distinguished from ba, foi 
when we take the spots a, b, in the order ab an arrow proceeds from 
the first spot to the second but when we take them m the order ba 
an arrow piooteds to the first spot from the second 
For 8ection 7 substitute— 

7 Again, there are distinguished and undistinguished triads, 
tetrads, m ads, . n ads, , every m ad being of 

oourse distinguished from every n ad Just as we may have ab dis¬ 
tinguished from la, though a is undistinguished from b, so we may 
have pqrtt w> distinguished from qtuvt rp, though the 

unite p, q r, #, t, u, v are all undistinguished from each other, 

and farther, thongh their pairs are also undistinguished, as likewise 
their triads, 4c Here pqrtt . %v and quevt rp will be 

termed, as in the ease of pairs, different aipeett of the collection 
a,« An aspect will be fully definod and oon- 
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sidered in Secs 78//, and we shall there see that an aspect of a 
collection of » units, » e , of an w ad, is itself an * ad It will be 
oonvement to speak of the aspects of the pairs, triads Ac contained 
in a collection, as if they were themselves pairs, triads, Ac of the 
collection 

For Sections 73 to 77 substitute— 

78 If with each amt of a collection of w units a b e of any 

form, we mentally associate one of a given disorete heap (Seo 37) 
of n marks so that each unit is thereby distinguished from each of 
the others and from all other nmts, we obtain what I have, in 
Secs 6 and 7 termed an aspect of a b e 

It may assist in arriving at a proper idea of the use and importance 
of aspects, and may justify the use of the expression “aspect,* to 
point oat that when, in the consideration of a collection of amts we 
give different degrees of prominence in onr minds to different amts 
of the collection, we are mentally affixing distinctive marks to those 
units and have a particular " aspect of the collection before oar 
mind’s eye It may be, in some oases, that we give a distinctive 
degree of prominence to one amt only of the collection, and eqnal 
degrees of prominence to the rest thus, when we consider the 
relations of a number of things to a particular thing, we affix a 
distinctive mental mark to the latter thing, and marks undis¬ 
tinguished from eaoh other to the former things It is convenient, 
however, for onr present purposes to confine the use of the word 
“aspect” to the ease in which a different degree of prominence, 
or other distinctive mental mark, is affixed to eaoh unit of the 
collection 

The n marks may be associated with the n units, a, b, e 
in |n different ways, giving nse to |n aspects of a b, c, , each 

aspect being derivable- from the otheis by transpositions of the 
marks When we regard a unit a as associated with a particular 
mark yin t particular aspect of a, b, e, , we deal with a unit 

A, whioh is a different unit from a, and may he called an aspect of a 
Thus an aspect of the a-ad, a, b, c, . , is an » ad composed of 

n unit aspects A, B, 0, 

The nmt aspects composing one aspect of a, b, c, are eaoh 

distinct units from those composing another aspect, and thus the }» 
aspects of a b e, derived by employing a particular collection 

of n marks, furnish in all *[n amt aspects snob as A 

Since the marks employed are all distinguished from eaoh other, the 
n unit aspects A, B, 0, composing a particular aspect of 

a, b e, are all distinguished from each other 

We may associate the same collection of a marks with any number 
of collections of n units a, b, e, , p, q, r, , Ac, and 

obtain |n aspects of eaoh collection 
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In future when we compere aspects of a collection, or of a number 
of collections of the same number of units, unless the contrary is 
manifestly the case, it will be supposed that the same collection of n 
marks is employed in each case 

We may choose as our discrete heap of n marks a collection of a 
‘relative positions or scrts of placet, which are distinguished from 
each other and from all other relative positions < g , we may choose 
the sorts of places—first second third, Ac in a row In such a oase 
the units a, b r, may be regarded as occupying the soits of 

places which serve as marks 

74 If two collections of units a,, l, c, and p, q r, are 

undistinguished from each other they may be regarded as correspond* 
ing to each other in one or moie ways, in each of which corre¬ 
spondences to each nmt, pair, triad, Ao , of one collection thire cor¬ 
responds in the other a counterpart nmt, pair, tnad, Ac, undistin¬ 
guished from the former in any circumstance In any one of those 
correspondences two corresponding units may be regarded as occupy¬ 
ing corresponding places, or, as wo may express it, plaoes of the same 
sort and we may if we please regard these sorts of plaoes as dis¬ 
tinguished from each othor and from all other sorts of places » e, 
wo may rcgiud tho correspondence as giving rise to two aspect^ 
A, B, C, and P, Q R, , the former an aspect of a, b, c, 

the latter of p q, r. The two aspects ABO, 

and P, Q R, are clearly undistinguished from each other and, 
M the units of each are distinguished from eaoh other, to each unit 
of one there corresponds one unit, and one only, in the other which 
is undistinguished from it 

75 Two aspects will not bo undistinguished unless they can be 
regarded as derived in the manner indicated in the last section, and 
therefore tho undistingunihableness of two aspects A, B, 0, 

and P, Q, R, indicates the existence of a definite correspond¬ 
ence between the two undistinguished collections a, b, c, and 

p, q, r, in which correspondence to each unit pair, tried, Ac , 

of the one there corresponds in the other a counterpart unit, pair, 
tnad, Ac, undistinguished from the former in any circumstance 

Similarly, the undistinguisbableness of two aspects of the same 
collection a b, e, may be said to indicate a self correspondence of 

the collection, t e, a correspondence in which to each unit, pair, tnad, 
Ac, of the collection a, b, e, there oonesponds the same, or 

another unit, pair, triad, Ac, of a, b, e, undistinguished from 

the former m any circumstance 

76 In future, when a correspondence of two collections, or a self- 
correspondence of a collection, are spoken of, correspondences suho as 
those described in the preceding sections are intended to be referred 
to, unless the contrary is expressly stated, as m Sections 162 to 169 
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77. We may regard an aspect A, B, C, .... in the aggregate as 
a single nmt V, which may be termed a unified atpeei of a, b, e, ... . 
Section 1C7 is erroneous, and should be omitted. 

I may add the following errata:— 

In Seo. 69, line 3, for “undistinguished ” read “distinguished.” 
„ „ 122, „ 1, „ “aspects” „ “collections." 

„ page 43, footnote, „ “Grassman” „ “ Grasamnun.” 

„ „ 66 „ „ “ Pierce" „ “ Peirce." 

„ Seo. 386, line 8, „ “ m units" „ “ r units.” 


III. “ On Ellipsoidal Current Sheets.” By Horace Lamb, M.A., 
F.R.S., Professor of Pure Muthematics in the Owens 
College, Victoria University, Manchester. Received March 2, 
1887. 

(Abstract.) 

This paper treats of tho induction of eleotrio currents in an 
ellipsoidal sheet of conducting matter whose conductivity per unit 
area varies as the perpendicular from the centre on the tangent 
plane, or (say) in a thm sholl of uniform material bounded by similar 
and coaxial ellipsoids. The method followed is to determine in the first 
instance the normal types of free currents. In any normal type the 
currents decay according to the law e~ tlr ; the time-constant r may be 
conveniently nailed the “ modulus of decay," or tho “persistency ” of 
the type. 

When the normal typos and their persistencies have been found, it 
is an easy matter to find the currents induced by given varying 
electromotive forces, assuming these to be resolved by Fourier’s 
theorem, as regards the time, into a series of simple harmonic terms. 
Supposing then that we have an oxterpal magnetic system whose 
potential varies as we can determine a fictitious distribution of 
current ovor tho shell, which shall produoe tho same field in the 
interior. If 0 denote the current-function for # that part of this 
distribution which is of any specified normal type, 0 that of the 
induoed currents of this type, it is shown that 



where t is the corresponding persistency of free currents. When pr 
is very great this becomes 

0 = - 0 , 

in accordance with a well-known principle. 

This method can be applied to find the currents induoed by rota- 
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(ion of the shell in a constant field it being known from Maxwell a 
' Electricity § 600, that the induced cm rents are the Bame if wc 
suppose the conductor to be fixed and the field to rotate in the 
opposite direction When the conductor is symmetrical about the 
axis of rotation the current function of any normal type contains as 
a factor cos tw or sin t* where u » the arimnth and * is integral (or 
sero) When we apply Maxwells artifice the omspondmg time 
factor is wheie p is the angular velocity of the rotation, and 
we easily find that the system of nduced cunents of any normal 
typo is fixed in space, but is displaced rela ively to the field though 
an angle 

* arc tanp*r 

in azimuth in the diroctior* of the rotation 

In the most important normal types the distribution of current 
over the ellipsoid is ono which has been indicated by Maxwell 
( Electricity § 67 1 )) as giving a uniform magnetic field throughout 
the inteiKi For instance the axes of coordinates being along the 
principal axes a b o we may havo 

0 = Cs, (1) 

and the corresj onding persistency is 

•<*> 

* b ™ < s > 

p denoting the specifio resistance of the material and s the small 
constant ratio of the thickness of the shell to tho perpendicular on 
the tangent plane Theie is a difference of electric potential over the 
shell, viz we have 

(4) 

T -9 Ull 

where 

L, M being obtained fi om (3) by interchanging a and c or b and c, 
respectively This implies a certain distribution of electnoity over 
the outer surface of the shell 

Some special forms of the ellipsoid (eg, a sphere, or an ellipho 
cylinder) are considered and the formula (2) shown to agree with 
the results obtainable in these cases in other ways 

lhe problem of induced currents due to simple harmonic variation 



198 


Prof. H. Lamb. 


[Mar. 84, 

of a n til form field, or to rotation of the shell in a uniform and oonatant 
field, is then solved; and tho results are foond to agree with the 
general theory above sketched. 

In tho higher normal types the current-function 0 is a Lamp’s 
function, degenerating into a spherical harmonio when two of the 
axes of the ellipsoidal shell are equal. This case alone is further 
disonssed in the present paper; tho persistency of each normal type is 
found, and various particular cases aro considered. Of the special 
forms which the conductor may assume, the most interesting is that 
in which the third axis (that of symmetry) is infinitesimal, so that 
we have practically a circular disk, whose resistance p per nnit area 
varies according to tho law 

< 5 .) 

where pj is the resistance at the centre, a is the radius, and r 
denotes the distance of any point from the centre. In any normal 
type of free currents the current-function is of the form 

♦ .... ( 6 .) 

where m — ^/{l—r 3 /^}, 

provided n —t be odd; in other words, the current lines are the ortho¬ 
gonal projections on the plane of the disk of the contonr-lines of a 
tonal (» = 0) or tessaral harmonic, drawn on tho surface of a con¬ 
centric sphere of radius o. The corresponding persistency is 


- l n ~* f 1.8... (w-f ») 

T ~ {«(n+!)—»*}ft' * jnjhs * 12.4... (»-«-!) 


}*• (70 


In the most persistent type of free currents we have » as 1, « ss 0, 
and therefore 

T “W 

This result is of some interest, as showing that the electrical time- 
ocustant for a disk of uniform resistance pf must at all events be 
considerably less than 4 93 ajpf-* 

• I find by methods similar to those employed by Lord Bayleigh for the approxi¬ 
mate determination of various aooustioal constants, that the true value lies between 
wafpf and 2 26 alp', lor a disk of oopper (p-1800 O.G-JJ.), whose radius is a 
decimetre and think nees a millimetre, the lower limit gives 0*0014 see. For disks of 
other dimensions the result will vary as the radius and the thiokneea eonjointly. I 
hope shortly to publish the details of the investigation on which these estimates are 
founded. 
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The problem of induced currents u then discussed, and I consider 
more particularly the case of a circular disk, of the kind indicated, rota¬ 
ting m any constant magnetic field In view of the physical interest 
attaching to the question, it "would be interesting to have a solution 
for the case of a uniform disk, but in tne absence of this, the 
solution foi the mote speoial kind of disk here considered may not be 
on instructive 

As m all oar calculations relating to ellipsoids of revolution, we 
employ elliptic coordinates, viz, seeking the origin at the oentre of 
the disk, and the axis of s perpendicular to its plane, we write 

x = ay/( 1—p*)v^(£*+l)cos» ■'j 

/(CHI).™* \ (8) 

* = J 

where /i may range fiom 1 to 0, and £ from zero (its value at the disk) 
to oo The magnetic potential 0 due to the field may be supposed 
expanded, for the space near the disk, in a series of teirns of the 
form 

O = A (1—/**)*• (P+l)**^^ Z } l®) 

where F. is the zonal harmonic, and p» a similar function in which 
all the terms aie +, instead of alternately + and — * 

The terms for which « s= 0 are symmetrical about the axis, and 
produce no currents, but only a certain superficial electiihcation 
The density of this is calculated for tho particulai case » as 1,»s, 
for the case of a disk rotating m a uniform held about an axis parallel 
to the lines of force 

The only terms of the expansion (9) which produce senbiblo currents 
in a rotating disk are those tessaral solid haimouus for whioh n—t 
is odd The induoed current-function is found to be (taking, say, 
cost* in (9)) 

* m - Vi— w ? m 'Q-w—ilP —<«—»>• 

( 10 ) 

where ij = arc tan tpr, 

i hating the value (7) 

The most important type of induoed currents is when a sc 2 
s = 1, in which case 

Q oe am, 


• See Ferren, ‘ Spherical Harmonic*, ohap n 
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no that the line* of force at the duk are normal to it, but the dimotion 
of the force is reversal a* we cross the axis of y The onrront fanotum 
relatively to axes displaced through the proper angle ij in the direo 
tion of rotation, vanes as 

yV{\-r */«’} 

A drawing of tho ennent linos for this caso is given As already 
mentioned they are simply the orthogmal projections of the oontonr 
lines of the tossaral harmonic of the second order 
In the next type we have n = 3 s = 2, so that 

Oo cz(f-y*), 

and the enrrent fanotion, relatively to displaced axes as before 
vanes as 


IV «• On the Magnetisation of Iron in Strong Fiolds ” By Pro- 
feasor J A Ewing B Sc , ERSE University College, 
Dundee, and Mi William Low Communicated by Sir 
W Ihomsov, Knt, LLD, FRS Received March 2, 
1887. 

(Furs 8 ) 

The behaviour of iron and steel when subjected to very strong 
magnetising foiccs is a matter of considerable practical and very 
great theoretical interost especially fiom its heanng on the molecular 
theory of magnetisation, which assigns an upper limit to the intensity 
of magnotism that a pieoo of iron can ocjuire nni even suggests that 
the metal may become diamagnetic undtr the influence of a snffa- 
ciently great force All experiments hitherto made by magnetising 
iron in the field of an electric Bolenoid, have shown that the intensity 
of magnetism j, as well as the indnction is increasing with the 
highest values actually given to the magnetising force £ It is 
scarcely practicable, however, to produoe by the direot action of a 
magnetising solenoid, a field whose force exceeds a few hnndreds of 
COS units 

To refer to a few recent experiments of this class —In experiments 
by one of ns* on the mognotisation of long wires the highest valuo 
of Jf applied to mm was about 90, and this gave an induction $ of 
16,600 in a soft iron wire In Or HopkinBon s experiments')' a force 

* Ewing ‘ Exp Res in Magnetism ’ ‘ Phil Trans ’ 1886 Part II 
t <1 Hopkmton, ' Magnetisation of Iron,” Phil Trans, 1885, Part II 
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of 240 gave 19,840 for the induction in a bar of mild Whitworth 
steel, and 18 250 in a bar of wrought iron* The corresponding 
values of g are 15b 3 and 1437 respectively Probably the highest 
magnetisation reached m any experiments of this class already pub¬ 
lished is that found by Mr Shelf old Bidwellf in his experiments on 
the tractive forte between tho halves of a divided nng electro magnet 
Foi a force $ of 585 he gives 19 820 as the value of g) (calculated 
from the tractive force) m a wrought iron nng Ihe corresponding 
value of g is 1530 

With cast iron Dr Hopkinson found (in a sani] k of grey iron) 
10,783 for the induction produced by a forto of 210 Ihe corre 
spondmg value of g is 841 

In the space between the pole pieces of a strong electro magnet we 
have a field of force of mnch greater intensity than it is practicable 
to produco by the direct action of tho electnc current Ihis field is 
not well adapted for experiments whoso object is to dctumine with 
precision the relation of magnetisation to magnetising force on 
aooount of the distortion which it undergoes when the piece of iron 
to bo magnotisod is introduced into it It is liowcvci well suited 
for experiments whose object is to determine how much magnetism 
the metal can be foiced to take up 

For this purpose it is of oourso necessary that tho cross section of 
the test-piece should be much smaller than the area of the pole piece 
faces In the following experiments tho electro magnet consisted of a 
pair of vertical limbs 2 > cm long, with cores 5 cm in diameter, joined 
at the bottom by a horizontal yoke, and furnished on tho top with 
pole pieces made of soft hammered scrap iron, in the form of rect¬ 
angular blocks with plane faces whoso distance from tich othei 
could be adjusted at will The faces were 5 25 cm square The 
magnet was wound with wire large enough to ptrmtt a ourrout of about 
27 amperes to be used for a short time In tho earliest experiments 
the test piece to be magnetised was a round cylinder of soft iron, with 
flat ends 0 34 cm m diameter and 13 om long This was covered 
with an induotion coil, consisting of a single layer of fine wire which 
extended ovei the whole length of the pieoe It was placed length¬ 
wise in the centre of the field, with the pole pieces just touching its 
ends, and the field magnet was excited Ihe test piece was then 
suddenly withdrawn, while tho transient ourrent produced in the 
induction coil was measured by a ballistic galvanometer c mnected to 
the induction ooil by long leading wires, whioh were twisted together 

* J and E Hoplnmon have oburred an induction of JO 000 in the core of a 
dynamo armature under a force estimated at 740 ( Phil Iran*1886 (Part I) 
P «M) 

+ S Bidwell 1 On the Lifting Power of Fleotro magnet* and t! e Magmtuation 
of Iron,’ Hoy flee Free, tel 40,1886, p «0 
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throughout their whole length Very few ex p erim ent* were made 
with test pieoee of this form, for it was found that they gave by no 
mesne an exceptionally high valne for the magnebo induction Thu 
is to be ascribed to the fact that the ends of the cylinder, which were 
in contact with the pole pieces necessarily shared that value of the 
induction which existed in the port of the pole piece faces which they 
touched anl this comparatively low induction \n and near the ends of 
the oylindcr neutralised the much higher value in the middle portion 
The induction coil being wound from end to end of tho bar gave a 
mean value for the whole length To obtain higher values, it was 
obvioasly necessary to restrict tbs measurement of the indaotion to 
the middle p irtion where the induction was greatest and farther 
it was desirable to furnish the bsr with conical or some form ot 
spreading ends which wonld present an oasy path for the lines 
of induction to converge towards the central neck Accordingly 
teat pieces weie turned of the form and dimensions of Sample A 
shown in Plate 2 fig 1, where the bobbin is sketched in place between 
the polo pieces Ihese were wound along the whole length of the 
narrow central neck with an indnotion ooil consisting of a single 
layer of No 8b SWG silk covered wire In Sample A the 
diameter of the iron neck was 0 923 mm and the diameter measured 
to the middle of the thickness of the wire forming the induction ooil 
was 0 9425 Hence there was but little spaoe, outside the section of 
the iron enclosed by the coil and the small amount of magnetic 
induction in this non ferrous spaoe was allowed for by a method to be 
explained below 

In test pieces of the form of Sample A the loss of magnetism 
observed on suddenly withdrawing the piece from its plaoe between 
the pole pieces of the field magnet, is less than the whole magnetism 
by the small bat somewhat nnoertain quantity of residual magnetism 
which the piece retains To avoid this source of uncertainty another 
form of test piece was used, wbioh is shown in fig 2, Sample B 
Here the bobbin has its oomoal ends rounded at the base to form 
portions of a circular cylinder, and the pole pieoe* are hollowed to 
correspond The bobbin can now be turned completely round about 
a central axis at nght angles to the paper, so that the direction of its 
magnetism is reversed, and half the ballistic effect of the reversal 
measures the magnetic indnotion This method was used in the 
greater number of the observations Again, by merely withdrawing 
the bobbin from the field, and comparing the effect of this withdrawal 
with half the effeot of reversal, an estimate was arrived at of the 
amount of error to which the former experiments were subject on 
amount of residual magnetism 

To determine the intensity of the magnetic field in the spaoe 
immediately surrounding the narrow neck in which the greatest 
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induction occurred, a small quantity of wire waa wound orer the first 
induction coil, to form a distance piece and on the top of that a 
second induction coil waa wound the second ootl like thto first, con 
si*ting of a single layer of veiy fine wne The space between the 
two coils was accurately determined When the test piece was 
reversed or drawn oat of the field the operation was in each case 
performed several tunes, and two groups of observations wore 
recorded one giving tho induction m the inner coil and the other the 
induction in the outer coil the difference of course Berved to 
determine the fiold m the space between the ooils Whon this field 
was known it was easy to correct for the induction in the non ferrous 
space enclosed by the inner coil 

Three kinds of wrought iron were tested, soft hammered scrap 
Swedish non, and Lowmoor iron The hammered scrap provtd less 
Bnsoeptiblo than the other two, and was not used in the final expen 
ments which were made with test-pieces of the form of bample B 
Pieces of cast iron wore also tested in forms resomblnig both A and B 

To detumine in absolute measure the value of the ballistic effects, 
a large earth coil was kept in circuit with tho induction coil and 
galvanometer, and was turned over in cithei the vertical or horizontal 
earth field at the beginning and again at the end of each group of 
observations To avoid the possibility of error in this important 
particular, two separate earth ooils of entirely different dimensions 
were employed, and the galvanometer constant was determined inde¬ 
pendently by means of both with results which were in excellent 
agreement Ihe values of tho induction stated below are worked out 
on the basis that the horizontal force in the grounds of University 
College Dundee, at a place sufficiently removed from local magnetic 
influence, ib 0 160 in C G S units 

The following experiments are representative of a considerably 
larger number — 

Lowmoor iron, annealed before turning the bobbin from a forged 
bar Sample B of shape and dimensions shown in fig 2 Diameter 
of iron neok s 0 65 om , length = 0 44 cm Diameter to middle of 
inner induction ooil, 0 6765 om Diameter to middle of outer induction 
ooil, 0 9864 om 

Area of section of iron (S^ = 0 3318 sq om 

Area of space to be corrected for under inner induction ooil (Sg) m 
0*0276 sq om 

Area of space between inner and outer ooil (Sg) = 0 3293 sq cm 

Number of turns on inner induction coil = 16, number on outer 
ooil a 12 

In the following table D x is the throw of the ballistic galvanometer 
given by the inner ooil when the test-piece was turned round, and D, 
is the throw given by the outer ooil Xj and Xg are the oorre- 
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■ponding total inductions inCOS amts The difference of these, 
given in the fifth column, when divided by Sj, u the intensity of field 
or magnetic force per sq cm in the space immediately surrounding 
the iron This is given in oolumn VI Multiplying it by S g we have 
the correction to bo subtracted flora X l( which is given in oolumn VII 
Iinally, by dividing the ooirected value of X x by the seotion of the 
iron S lf we find $ the magnetio induction in the iron per sq cm 
Column IX gives tho current in the field raagnot coils in amp&ies 


Lowmoor Wrought Iron Sample B 



In another test of Lowmooi iron conducted in tho same way, a still 
higher value of § was reachod namely, 32 880 This is the highest 
induction that has been recordod in these experiments 

A similar experiment with a piece of Swedish wrought iron, of tho 
form and dimensions shown in fig 2, gave 32,310 for tho greatest value 
of $ the magnetio force in the nng of space surrounding the iron 
neck being then 11,250 

The amount of residual magnetism retained by a Lowmoor sample 
of this form (Sample 13) was determined by comparing the effect of 
withdrawing the test piece with the effect of reversing it The resulta 
showed that within tho range of magnotio force nsed m these experi¬ 
ments, namely, from about 4000 to 11 000 C G S units, the residual 
magnetism is nearly constant Its mean value in a number of 
determinations was— 

For Lowmoor iron, residual induction, $ r = 510 per sq cm 
For Swedish mm, residual induction, = 500 per sq cm 
These results showed that pieces of the form of Sample B (fig 2) 
retained only a small part (loss than 1/60) of their greatest induction 
when withdrawn from the field The proportion of residual to 
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greatest induced magnetism in samples of the form A (fig 1), » 
probably not very different from this 

In the following experiment a bobbin of annealed Swedish iron, of 
the sire and shape shown in fig 2 was tested by withdrawing it from 
the field Ihe columns of tbe table have the same meaning as before 
except that the quantity in column VIII now beaded $ — $r, is not 
the whole mduction per sq cm but that part of the induction which 
disappeared when the test piece was withdrawn from the field In 
this case the section of the iron was the same as before but the spaee 
between the inner and outer mduction coils (S,) was 0 308 sq cm 
There were fourteen turns m the inner roil aud twelve m the outer 

Swedish Wrought Iron Sami le B 



Ihe residual magnetism may be corrected for by ad ling 500 as 
the value of to each of the numbers in column VIII We then 
obtain for the highest induction $ the value 32 100 

The following results relato to tost pieces of the form and site 
shown in fig 1 — 

Swedish wrought iron lorm of Sample A Sect on of iron neok 
= 0 669 Bq cm Section to m ddle of induction coil = 0 708 sq am 
Lou of induction per sq cm tested on withdrawing the bobbin 
«-*) 


Current in flel 1 magnets 
ampferee 

*-» 

892 

27 560 

748 

29 420 

113 

80 240 

140 

80 460 

17 9 

80 960 

201 

31 180 

204 

31290 
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Those figures agree very well with those m the preceding table, 
which related to another sample of different form cnt from the some 
bar Probably 500 is in this esse also a fair estimate of the residnal 
induction, and by adding that to the values given above we arrive at 
probable values of £ 

Lowmoor wrought iron Form of Sample A Dimensions as above 
Current in field magnets = 20 4 amperes Loss of induction on 
withdrawing the bobbin (g — § ) = 31 660 Allowing for the residnal 
magnetism, this gives an induction exceeding 32,000 

Soft Hammered Scrap Form of Sample A Dimensions as above 
Current in field magnet! S - 38r 

20 4 81 230 

. 26 2 31,520 

The remaining experiments relate to cast iron Tho following 
results are for a sample of the form shown in fig 2 except that the 
neck was of considerably largor diameter namely 0 962 cm The 
sample was tested by turning it end for end in the magnetic field 
Section of neck as 0 72 7 sq cm 

Section within middle of inner induction coil = 0 767 sq cm 
Space to be corrected for =* 0 040 sq cm 
Section within middle of outer induction coil = 1195 sq cm 
Space between coils = 0 328 sq cm 


Cast Iron 



Another set of readings were taken with this sample at the same 
time, by drawing it suddenly out of the field in order to determine 
the residual induction The results showed that throughout the 
range of magnetio forces employed here the residual induction had a 
nearly constant value of 400 C G S units per sq cm 
A bobbin of cast iron of a form resembling Sample A, fig 1 was 
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alto tested by drawing it out of the field The reunite were in eloae 
agreement with those given above for the other sample 
In fig 3 the general results for Lowmoor wrought iron (Samplo B) 
and oast iron are shown by curves which give the relation (1) of the 
induction $ within the metal neck to the current in the field magnet 
coils, and (2) of the induction or magnetio force in the space im 
mediately surrounding the neck to the current m the field magnet 
ooils The full lines are for the Lowmoor fotgmg and the broken 
lines are for cast iron The field produced by a given current is (at 
its higher values) rather less strong in the caao of cast lion, probably 
because the larger site of the cast iron neck allowed a greater portion 
of the whole induction from pole to pole to find its way through the 
metal (Compare X t for cast iron and for Lowmoor ) 

The magnetio force within the metal (<fj) differs fiom tilt field in 
the surrounding space by an amount which cannot bo estimated 
without a knowledge of the distribution of froe magnetism on the 
pole-pieces and conical faces of the bobbin It Appeals piobable that 
with the dimensions of the various parts used in these experiments, 
tho magnetic force within the motal is less, but not very greatly less, 
than the outside and closely neighbouring field In the absence of 
any exact knowledge of $ it is interesting to examine tht relation of 
JJ to tho outside field Thus, (g—outside field)/4*r gives a quantity 
whioh is probably not much loss than tho intensity of magmtism J 
The values of this quantity for Lowmoor wrought iron Swedish 
wrought iron, and cast iron are stated below In the case of the 
Swedish iron the values of $ — §J r given in tho previons table for that 
metal have had 500 added to allow for the residual magnetism 
Again, the quantity /outside field is probably not muoh less than 
the magnetic permeability ft its valnes also are given below 


I Lowmoor Wrought Iron 


8-ouUi rie field 


8 680 
6680 

7 800 

8 810 
9600 
9 780 

10 860 
10 840 
11180 


24 700 

27 610 

28 870 

29 860 
80 200 
80 680 

80 830 

81 870 
31 660 


1680 

1670 

1680 

1680 

1660 

1660 

1630 

1680 

1620 


6 80 
4 18 
8 70 
8 38 
8 18 
8 14 
2 98 
2 89 
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III Cast Iron 


Oute de field 

9 

B-o te le fl 11 

4w 

ouU.de field 

3800 
b 400 

7 710 

8080 

9 210 

9 700 

10 610 

19 TOO 
21980 

22 810 

23 620 

24 680 

24 000 
2uf(J0 

12o0 

1210 

1-00 

1230 

1220 

1210 

1190 

6 04 

8 42 

2 96 

2 91 

2 67 

2 67 

2 46 


Fig 4 bIiows by can os the rthat on of $ to $/ utm le field for Low 
uioor iron and for cast iron in the manner mtrodnced by Rowland 
for showing the relation of $ to p The carves have the same kind 
of inflection that a curve of /t an 1 $ begins to have when the mag 
netising force is raised sufficiently high * The range through which 
the permeability of iron may vary is well shown by compar ng the 
valnes reached hoie (piobably in the extreme case less than 3) with 
the value 20000 which was found by one of os in the ease of a 
soft wire exposed to a very small magnetising force and kept at the 
same tune in. a state of mechanical vibration f 
The quantity ($ —outside field)/4w is nearly constant in the Swedish 
iron but diminishes with increased induction m the Lowmoor iron 
and in the cast iron If the outside field were an accurate measure of 

• This feat ire of the curve of f. and 1 mi not ootioed by Rowland himself who 
applied to bis curve an empirical formula which feili to take ar oont of it It hie 
however been noticed by eeveral later obeerrm (Fromme Wiedemann * 

vol 18 p 088 Ewing toe ext p 674 Bidwell loo mt p 488) 
t kwing loo mi p 607 
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p, this would mean that in the two metals last named J had passed a 
maximum, and the process of diamagnetisation which the Amp6re- 
Weber molecular theory of magnetism anticipates had set in But the 
uncertainty whioh attaches to the value of prevents this oonolusion 
from being fairly drawn from these experiments A slight excess in 
the mean value of £ within the metal neck over the value of £ in the 
space contiguous to the neck would suffice to convert the apparent 
decrease of | into an increase, with increasing values of § So far as 
these results can be said to bear upon the point in question, they 
rather support the idea that the intensity of magnetism J becomes 
and lemains a sensibly constant quantity whpn the magnetising foroe 
is raised to very high values This maximum of f appears to exceed 
1?00 in wrought iron and 1250 in cast iron, and it docs not appear 
likely that any increase of magnetising force will bring the intensity 
of magnetism in cast iron to a value equal or nearly equal to that 
which wrought non is capable of acquiring It is scaicely noecssary 
to add that our experiments give no support to the suggestion that 
there is a maximum of the induction $ The value of $ capable of 
being reached by the method we have employed dopends mainly on 
the bcaIo of the expoi iments Larger field magnets with pole, pieces 
tapering to a narrow nock should yield values of $ greatly m excess 
even of those we havo observed 

The experiments will be continued and various qualities of steel will 
bo examined with the following modification in the apparatus —The 
pole pieces will themselves bo tnmed, at tho ends which face each 
other, into cones with flat ends, between whieh the test piece in the 
form of a round cylinder will he inserted lho induction will he 
measured in tho neighbourhood of a medial transverse plane only, and 
the value of the held outside the iron will he determined m this plane 
at various distances from the axis Since there is no ft ee magnetism 
in the iron bar in tho medial piano, the magnetic force within the 
metal is continuous with the force m tho sui rounding space, and a 
curve showing the relation of the magnetic foroe at various points 
outside to the distance from the axis should admit of being produoed 
so as to give a good approximation to the magnetic force within the 
metal If this can be successfully accomplished, the value of the 
uthmva method of examining the magnetisation of iron will be greatly 
enhanoed 

[Dr Hopkmson informs me that he experimented by what we have 
called the "isthmus” method nearly three years ago, but gave it up 
from uncertainty about the induction which took place through tho 
coil but not through the iron In tho present experiments this diffi¬ 
culty has been avoided mainly by using larger bobbins with a single 
layer of fine wire for induction coil I am indebted to Dr Hopkin- 
•on for the suggestion (soon to be put in practice) that the “ isthmus ’ 

▼OL xlii • q 
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method should be applied to the manganese steel whose non mag 
netio quality nndei ordinary conditions has been ahcaly commented 
on by himself os well as by Mi J T Bottomloy and Professor 
Barrett In connexion with the values of $ reached by other 
observers, Piofessor J T Thomson informs me that in somo recent 
exponments by himself and Mi H F Newall on the effect of 
catting a magnet at light angles to the lines of force, an induction 
of 28 000 was found on one occasion —J A E ] 
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March 31,1887 

Professor STOKES, D C L , President, m the Chair 

The Presente received were laid on the table, and thanks ordered 
for them 

The following Papers were read — 

I. “Note on the Development of Voltaic Electricity by Atmo¬ 
spheric Oxidation ’ By C R Alder WRiaHT, D Sc , 
P R S Lecturer on Chemistry and Physics, and C 
Thompson, F C S , DemoiiHtratoi of Chemistry in St Mary’s 
Hospital Medical School Received Mirch 10, 1887 

It is well known that when metallic copper is brought into contact 
simultaneously with atmospheno an and aqueons solution of ammonia, 
rapid oxidation is Bet up, the copper oxide formed dissolving in the 
liquid, producing a blue solution of ammnniacal cupno oxide, or 
euprammomum hydroxide Whilst investigating piocosses for tho 
manufacture of this fluid (now used commercially on a considerable 
scale) wo noticed that if the air supply be greatlj in deficiency 
relatively to the bnlk of the copper under cutam conditions the 
solution is but little coloured, containing coppor dissolved principally 
aa cuprous, and not as cupnc oxido This might perhaps, be antici¬ 
pated d pnon masmnch as it is well known that blue cupnc solution 
in ammonia, when digested with metallic copper in the absence of air, 
takes np a second equivalent of copper, becoming colourless cuprous 
solution, but further experiments seem to indicate that the production 
of cuprous oxide under the oxidising influence of a limited supply of 
air is the pmnary action, and not merely a secondary result, m short, 
that the first step in the change is expressed by the reaction— 

4Cu + 0j — 2CujO, 

cuprous oxide being formed, which then (under favourable conditions) 
becomes further oxidised to cupno oxide, thus— 

2Cu s O+O s — 4CuO, 
and not by the reaction— 

2Cu+0| = 2CuO, 
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the eapno oxide thus formed as the first product becoming subse¬ 
quently reduced (in the absenoe of air) to ouprous o ide, thus— 

CuO + Cu — CujO 

When a sheet of copper is kept out of direot contact with air by 
being immersed m ammonia solution, oxidation of the metal is 
gradually effected by virtue of the dissolving of oxygon from the air 
at the surface of the fluid, and diffusion of tho oxygen solution to the 
vicinity of the copper This action is an extiemely slow one if the 
copper be covered by some depth of fluid and if the Betting np of con¬ 
vection omrents through heating or evaporation be prevented by 
keeping the vessel perfectly at rest and at an equable temperature, and 
well closed to prevent esoape of ammonia, but if these precautions be 
neglected it goes on much more rapidly, and the liquid compara¬ 
tively soon becomes bluo, it can, however, be also materially aooe 
lerated by arranging honsontally on the surface of the fluid a plate of 
platinum oi other electrically conducting material not ohemically acted 
upon by the fluid, and connecting this by means of a wire, Ac , with the 
copper plate The upper conductor, or aeration pltteaa it may be con¬ 
veniently termed, being simultaneously in contact with tho atmosphere 
and fluid, attracts to its surface a film or aura of condensed gases, the 
oxygen of which becomes gradually transferred to the copper, a voltaic 
ourrent circulating through the fluid and connecting wire Cuprous, 
and not cupno, oxide thus results, dissolved m the ammonia 
solution in contact with the copper plate the mechanism of the 
reaotion being convomently represented by the scheme— 

f Copper plate Cu a | OH a | OH, | 0 Aeration plate, 

\Copper plate | CujO | H,0 | H a 0 | Aeration plate, 

water being represented as the electi olyte for simplicity s sake The 

film on the aeration plate boing constantly renewed by absorption 
from the atmosphere, the prooess goes on continuously as long as the 
two plates are connected together by the wue This wire may be 
lengthened at will so as to make the ourrent which passes through it 
whilst the action goes on relatively stronger or woaker according to 
the amount of resistance introduced into the circuit, and by includ¬ 
ing a galvanometer or silver voltameter in the circuit the ordinary 
phenomena due to the passage of currents are readily reoogmsable 
A voltaic cell thus produced “ runs down verj rapidly when the 
resistance in circuit is diminished, more or less reoovenng when the 
resistance is again increased, with a large resistance (e g , sufficient to 
rednoe the current density to a micro ampere or less per square 
centimetre of aeration plate surface), a very notable EMF u main- 
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tamed, amounting under favourable conditions to 0 5 or 0 6 volt 
The maximum EUF thus capable of development vanes considerably 
with the strength of the ammomacal solution, being the loss the 
weaker the fluid, addition of common salt or of sal ammoniac to the 
liqmd notably in creases the E M F and diminishes the internal icsist- 
ance of the cell Spongy platinum in a thin layer as the aeration 
plate gives higher values than thin platinum foil, the highest imm 
bets thus obtained, using pretty concentrated ammomacal bnne, fell 
but httle short of 0 8 volt, or somewhat less than the E M F corre¬ 
sponding with the heat of formation of ouprons oxide,* since, acoord 
ing Julius Thomson, Cu 3 ,0 = 40810 = about 0 88 volt 

It is obvious that this ooppei atmospheric oxidation cell has a close 
connexion with the “ air battery ” described in 1873 by Gladstone 
and Tube (‘Roy Soc Proc vol 21, p 247) in which what is -virtually 
an “aeration plate, ’ consisting of a tray full of cryBtalB of silver is 
nsod, opposed to a coppei plate immersed in a solution of copper 
nitrate Cnprons oxide is formed m both oases, in virtne of the 
indirect combination brought about between the oxygon of the air 
and the copper bat there ib this great difference between the two 
(apart from the cuprous oxide being deposited os such m Gladstone 
and Tribe’s arrangement, and being kept m solution m ours), that in 
the one the cnpiona oxide is formed at the surface of the copperplate 
itself, and in the other at the surface of the aeration plate This 
essential difference is embodied ill the abovo depicted scheme as 
compaied with the following one which represents the action in 
Gladstone and Tribe's cell — 

r^o|»i8«ia}^r 

[Silver | 0 {qJ | (So‘)jSl | (NO,)jCu | Coppel 

One result of this diffcience is that the surface of the aeration plate 
in the ammonia cell is kept constantly the same, whereas in the 
nitrate ocll it is continually changing its character through deposition 
of solid copious oxide on the silver in consequence of this deposition, 
whilst the E M F. of the ammonia cell, cwtens paribus, is constant, 
that of the nitrate cell is continually varying Gladstone and Tnbe, 
moreover, only obtained an E M F of -ft to ft of a Daniel], or about 
0 104 to 0 143 volt, even under the moBt favourable conditions, via , 
when the cell was connected with an electrometer, whilst four or five 
times this amount is indicated by the cells examined by us 

* The actual chemical change going on in the cell u the ijntbeau of cuproeo 
ammonium hydroxide, to that the (unknown) heat of aolution of cuproui oxide m 
ammonia ihould be added to this to obtain the total heat development 
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In older to examine separately the fluids collecting tound tho two 
plates after action had gone on f >r some time we f tnployed tolls of 
u shape , and to obtain as largt an oeratiun suiface as possible, we 
adaptol to one li g of the (J a funnel (as ind cited in tho figure) 
with the stem out off and united to the U tube by a pieco of mdja- 
i ubber tubing a, slipped tightly over tho -junction Tho othor end of 
the U tube wos closed with an india lubber coik b thiongh which 
passed a piece of gloss tubing with a platinum Wire, c, sealed into it 
at tho lower tnd and filled with meiouiy, thus formiug a mercury 
cup, and seivmg to make contact with the coppoi plate, d, which was 
soldered to thi end of the platinum wire, the soldenng and platinum 
being coated with gutta peroha, so that only the oopper plate was in 
contaot with the fluid with whioh the (J tubo was subsequently filled 
A similar glass tubo and platinum wire moreury cup, /, served to 
make contact with the aeration plate, which was conveniently sup* 
potted horizontally at the surface of the fluid in the funnel by means 
of a disk of porous earthenwaro, e by fixing a 11 m of gutta peroha 
round this disk so as to convert it into a sort of taay bee the bd of a 
pill box, and filling this tray with platinum sponge, an aeration plate 
of spongy metal was readily obtained By interposing suitable re- 
9, galvanometer, silver voltameter, <fcc, in the external circuit 
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obtained on connecting the two mercury cape by a wire, the onrrent 
pawing could be modified at will, and shown to exhibit all the 
ordinary phenomena of moderately weak currents 
After continued action with am all resistance only in circuit, the 
liquid m the funnel waa found on analysis to contain no oopper what 
ever, whilst that surrounding the copper plate, though colourless 
before removal from the tube, speedily became blue on exposure to 
air and contained more or less considerable amounts of oopper in 
solntion, obviously ongmally in the condition of ouprout oxide, Cu^O 
Following up the ideaa suggested by the above observations, we are 
making a number of experiments with a variety of analogous com 
binations, in which atmospheric oxidation constitutes tbe essential 
chemical action taking place, by varying the nature of the aeration 
plates, the metals dissolved, and tbe liquids employed (as also by 
substituting other gases, eg, chlorine, for air), a large number of 
combinations are obviously obtainable Some of those which we 
have so far examined present points of considerable interest, the 
oxidising action exerted under favourable conditions being strongly 
marked, so much so that certain metals, e g , mercury and silver, not 
ordinarily prone to atmospheno oxidatibn, can under suitable oondi 
turns be gradually oxidised and dissolved in appropriate liquids, just 
as the oopper is dissolved m the ammonia in the cell above described , 
those actions, moreover, being accompanied by the development of 
currents of strength sufficient to cause measureable amounts of electro 
lytio decomposition outside the cell, eg, m a silvor voltameter 


II “ClauBms’fl Formula for tho Change of State from Liquid to 
Gas applied to Mewne Ramsay and Youngs Observations 
on Alcohol” By Geo Fras Fitzgerald, MA, FT CD, 
FRS Eiasmus Smith’s Professor of Natural and Experi¬ 
mental Philosophy in the Univeisity of Dublin Received 
March 14,1887 

Glausms, m Wiedemann’s ‘ Annalen,’ vol 14, 1881, pp 279—290, 
and ‘Phil Mag,’vol 12,1881, p 381, and vol 13,1882, p 132, has 
given an empirical formnla for calculating the relation between the 
volume, pressure, and temperature of a subetance in both hqmd and 
gaseous states The equation he gives is a continuous one for an 
isothermal, and he determines the pressure at which evaporation takes 
place by considering that the work done in the transformation fiom 
liquid to gas at a constant pressure must be equal to what would be 
done if the transformation took place along the continuous isothermal 
He requires, for convenience in applying this to actual cases, to ealeu- 
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late the value* of certain rather complicated exponential functions, and 
has published tables of their values which greatly facilitate the work 
of comparing Ins formula with observations of vapour-pressures at 
different temperatures He has compared his formula with deter 
mutations of vapour-pressure, <fco , by Andrews and Regnanlt of caibon 
dioxide, and by Regnault and Sajotschewsky of ether, and with 
Regnault'a experiments on water, and lias shown that they agree very 
well He has also, by help of his formula, calculated the critical 
temperature foi water, and finds it to be about 332° C, and the 
critical pressure to be 134 atmospheres 

Piofessor Ramsay has kindly furnished me with his and Mr 
Youngs observations on alcohol, and I have compared them with 
Olausius’s formula, with which they agree very well 

The formula Clausius has given may be described as follows —• 

The relation connecting the volume, pressure, and temperature of 
a substance can be expressed by the formula— 

V _ 1 1 

rt 

In this R, a, and p aio constants for each substance, p is the 
pressure, v the Bpecifio volume, T the absolute tempera turn and 0 is a 
function of the temperature which vanishes with 1 , and for whioh 
Clausius has given the formula— 



in which b and n are constants for any one substance, and T„ and 0 , 
the values of T and 0 at the critical temperature 

From a consideration of the isothermals represented by Clansins’s 
formula it is easy to show that the oiitical isothermal, for which two 
of the tangents parallel to the axis from which pressures are measured 
coincide, gives— 

0- « . 

As the combination * + 0 occurs frequently, Clausius denotos it 
by 7 He expresses the specific volumes of the saturated liquid and 
gas by a and «, and uses to and W for a — a and s — a respectively 
He also uses the symbol II = P/(RT) where P is the saturated 
vapour-pressure, and subscribes e, thus II„ to express the value of any 
of these quantities at the critical point Henoe we get— 

• There is a misprint of £. for ?! on the last line of the test, formal* 7, of 
P 1M of Clausius’* seoond paper in the ‘ Phil Ktg vol 18 
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i n. = ^ w ‘ = w ‘ * 

I have assumed as the result of observation that T e = 516'5 and 
P„ = 49,000 mm. This latter value is probably a little too largo, but, 
as there seems some uncertainty as to its value from the experiments, 
from which it is very difficult to approximate accurately to the actual 
position of the critical point, I have thought this value sufficiently 
accurate. I have calculated the result of making changes in this 
value, and any variation within limits allowablo by the experiments 
does not materially affect my results. 

Tho values of those constants for alcohol as determined from the 
observations are— 


R = 

1351 35 

T, = 

51G-5 

P« = 

49,000 

«+/* = 7 = 

1-780 

W c = ivc =2y = 

3 560 

n.-J~ 

«7 

0-07023 

II 

X £ 

II 

01664 

l = 

09118 

„ = 

1 3462 


I have found that constant values for a and ft do not satisfy tho 
observations accurately, and that • varies from 1 087 at 0° C. to 
0-184 at 240° C., as I oxplain further on. 1 calculated b and n so as 
to make tho saturated vapour-tensions correct at 0* C. and 100° C. 
The process of calculation I adopted was to calculate fl/n, at 0° C. and 
100° C., and then from OlausiUB’s tabloB obtain the corresponding 
valuos of 0/9 c . This gavo two equations, to determine b and » by 
means of 0 c /0 = (1 -f t)(T,/T)* — 6. Tho oquation for n being— 



This was solved by trial and error and then b calculated. Having 
determined b and n, the value of 0/0. for any temperature may be 
easily calculated, and thence the corresponding values of n/flc, W/W w 
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and w/i o e obtamod by interpolation from Clanams a tables Ifrom 
these P, W, and w are calculated and compared with observation 
It u from this oompanson of to with the volnme of the liquid at 
vaiious temperatures and pressures that it is evident that * is not 
constant, foi the difference between w calculated and a as observed is 
by no means so 

The following table exhibits some of my results — 



In some of these cases, os for example foi W at 0* C it is veiy 
difficult to mteipolato accurately into Clausius s tables and similarly 
for the values of w neai the outical point and I consequently do not 
attribute much aocuraoy to these values On the whole, however, I 
think that, considering the onormous xaugeof values to le 1 tpresi nted 
by the formula it is most i emarkably occniato When wo coroparo 
the calculated and observed volumes of the liquid, in which case a is 
of impoitance we find that no constant value foi * can make them 
agree, for a obviously diminishes with inertased temperstuie, and 
near the critical point tho value of • for tbo liquid and gaseous 
states is not the same All this means of coarse that Clausius’s 
formula does not apply accurately to the case of alcohol Clausius 
has not, as far as I can hud, applied his formula to calculate the 
volumes of liquids, and without doing so tho want of constancy in » 
would not appreciably afiect the result Messrs Ramsay and Yonng 
have made observations of the volume of the liquid at various 
temperatures and pressures, and I have compaicd some of their 
results with the formula In this way it can be seen that a must bo 
made a function of tbe pressure as well as of tho temperature I have 
calculated tho values of v — * at certain temperatures and pressures, 
and find at 110° C — 
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Pnwure 

2862 

60 000 

t - «(calculated) 

0 409 

0 888 

• (observed) 

1 417 

1 3925 

• 

1 006 

1 0096 


At 200° C — 


Proasui-o 

22434 

60 000 

t—a (calculated) 

1 003 

0 868 

t (obwrred) 

1 798 

1 720 

“ 

0 793 

0 862 


At 240° C — 


PreMure 47 600 60000 


v—a (calculated) 

2 166 

1 641 

v (obaerred) 

2 468 

2 169 


0 298 | 

0 628 


If rom this it is evident that a diminishes with inci eased temperature, 
and increases with increased pressure 

Notwithstanding this, that Clausius s formula does not at all 
accurately represent the state of the liquid, there is no doubt that 
it gives a wonderfully aocurate general representation of the more 
important features of the change of state In this respect it is of 
enormously higher value than the formula that only give the relations 
connecting the temperature and pressure of saturated vapours In 
addition to this, which it certainly gives in a rather complicated way, 
it gives the state of the liquid and gas before and after as well as 
dnnng evaporation, and enables us to calculate points on the theoretical 
continuous isothermal connecting the liquid and gaseous states I 
have calculated enough of these points to roughly sketch in these 
curves that cannot be made the subjects of experimental investigation 
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by (he usual methods, owing to the instability of the states they 

Clausius s equation may be put into the following form by assuming 
p/(RT) = y and v—a = a— 

y («+7)* = (*+?)*-| 


From this it is evident that an isothermal is a quartio curve having 
asymptotes y *s 0 x — 0, and a+ 7 a double asymptote at a cusp at 
infinity, so that the point at infinity on this line is a multiple point of 
a high order 

If we calculate the positions of the points of tangency of tangents 
parallel to y = 0, for which consequently dy/dce = 0, we have theoubio 
equation— 




2a* 


and when two of its roots are equal 0, — and this determines the 
critical isothermal The quartio consists of throe branches One, a 
serpentina branch, lies in the positive region of a and mostly of y and 
is the only branoh of physioal interest at present The other two 
branches he entirely in the negative region of a and y One of these 
is somewhat parabolic, and lies between a = 0 and x — — >y asymptotic 
to both of them, the other is hyperbolic and asymptotic to a = —7 
and to y =s 0 The always real solution of the cubio that determines 
the points where dy/dx — 0 for positive values of 0 and 7 is a point on 
the parabolic branoh of the curve that lies between a = 0 and a = —7 
rhe other two roots, when real, determine the highest and lowest 
points on the serpentine part of the curve that lies m the positive 
region of a The aooompanying diagram represents the general 


Tl» 1 
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feature* of thus class of curve It is the particular case of the 
quartio— 

(L+aMftM* - LN) = &LM*. 

whore L, M and N are lines in which M is the line infinity, and L 
and N aie at right angles In the genoral case this quartio is a 
continuous curve with a cusp at the intersection of L and M and 
L+aM as the cuspidal tangent, while L is a tangent to another branch 
that passes through the same point Its general features are some¬ 
thing like this— 


no 2 



General Feature Diagram 


Tbeie is generally a double inflexion in the part of tho curve 
outside tho triangle L, M, N, and the particular one of a senes of 
snoh cut ves for whioh the two inflexional tangents oomcide is what 
corresponds to the ontical isothermal m a gas It is only what 
conesponds to the part outside the triangle that is of physical 
interest 

In the particular case of the curves representing the isothermals of 
alcohol, the nogative parts of the curve lie at a veiy great distance 
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from the origin compared with the dimension* of the serpentine part 
of the positive branch, so that it is not easy to represent them both in 
the same figure. I have calculated several points on the isothermals 
Corresponding to 110° C., 207'5° C., and 243 5° C. 207*5° 0. is the 
isothormal that just touohes y = 0, while 243‘5° C. is tho critical iso¬ 
thermal. The dotted lines represent the saturated vapour-tensions for 
whioh the areas included in the loops of the curve above and below are 
equal. The points numbered 1, 2, 3, 4 are specially noticeable points 
on the onrves so numbered in tho goneral feature diagrams. 

The isothermal 110° 0. goes down at tho point 1 entirely outside the 
diagram to a pressure of —246,800 mm, and intersects its vapour, 
pressure lino outside the diagram to the right at a volume of 206. 
The negative paraboliu branch of this isothermal only comes up at 
the point 3 to a pressure of —4,442,000 mm., while the corresponding 
points of 207 5° 0 and 243 5° O. come only to —4,044,000 mm. and 
—2,743,000 mm., so that they are very far off. In the isothermal 
207*6° C. the point 4 lies at about x = —32, p = —32,000, so that it 
is not very far off. 

What strikes me as most remarkable about these curves and other 
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than what one might have expected, is the very great distance to 
which the point 1 descends at ordinary temperatures It would be 
interesting to compare the forms of these parts of the carve for 
several liquids, and see whether there was any oonnemoa b et ween it 
and the capillarity 


HI “ The Influence of Stress and Strain on the Physical Pro- 
perties of Matter. Part III Magnetic Induction.’* By 
Herbert Tomlinson, BA. Communicated by Professor 
W Grtlls Adams. MA. FILS. Received March 17, 
1887. 

(Abstract) 

The author lays before the Society the results of experiments 
extending over a period of ten years on the effects of stress and strain 
on the magnetic permeabilities of iron, nickel, and oobalt 

Two methods were employed In one the metal to be tested— 
usually in the form of wire—was placed with its axis oommdent with 
that of a magnetising solenoid, in most oases of considerable length 
ss compared with the diameter of the wire, rbnnd the central portion 
of the solenoid was wrapped a secondary coil A similar pair of 
primary and secondary coils, with a similar piece of the same speci¬ 
men of metal, was balanced against the first by means of resistance 
coils, so that on closing the magnetising circuit no deflection was pro¬ 
duced in a delicate Thomson s galvanometer suitably connected up 
with the resistance ooils and secondary coils The alteration of mag. 
netic permeability produced by stress was measured by the change 
nocessary to be made in the resistance coils m order to restore the 
balanoe 

In the second method the resistance coils wore dispensed with, and 
only a metal core used m one of the two pairs of solenoids which were 
connected in senes each to each The arrangements were such that 
the pairs of solenoids, when without any cores, balanced each other’s 
effects on the galvanometer, so that the deflections of the latter instru¬ 
ment were dne only to the magnetic permeability of the metal to be 
tested The alteration of permeability was in this case measured 
by the change of deflection produced in the Thomson’s galvanometer 
The second method was the one principally employed 
In all oases, where it is advisable, the results are either given in 
0 G S units, or data are supplied for reducing to these units, more¬ 
over, the author has endeavoured to separate, as far as possible, the 
effecbfof stress on the permanent and on the temporary permeabilities of 
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the metal*,* which effect* are for the most part opposite in nature The 
paper is illustrated by a large number of curves showing the relations 
between magnetic permeability and stress and strain at different tern* 
peratures from 0 s 0 to 300° C and upwm da The information con¬ 
veyed by these canes it is impossible to adequately represent in an 
abstract, but the following are among the chief conclusions arrived 
at — 

1 When there is no permanent load on an iron wire, and the mag¬ 
netising force is small, longitudinal traction of small amount increases 
the temporary permeability The rotreaso roaches a maximum very 
quickly as the load increases when farther loading bi gins to diminish 
the magnetic permeability, nntil a certain limit baa been reached, for 
which the permeability is a minimum If the load be carried beyond 
the above limit the permeability beg ns to increase again with the 
load As a consequence of the above, when the magnetising force is 
small there are two critical values of load for which the load produces 
no effect on the temporary permeability 

2 The first of the two critical values of loading mentioned above 
diminishes with increase of magnetising force, and finally vanishes 
when the latter reaches a certain limit 

On the contrary, the second critical value of loading incieases with 
the magnetising force 

3 The maximum of temporary permeability mentioned in 1 di¬ 
minishes as thtf mngnctiBing force increases, and oct urs at a It ss and 
loss degree of loading until the latter begins to produce decrease 
instead of increase of permeability 

The minimum of temporary magnetic permeability, on tho con¬ 
trary, moreases with the magnetising force, bnt like the maximum, 
oocnra with a lower amount of load the higher tho magnetising 
force 

4 The efleots mentioned in 1 2 and 3 as being produced by load¬ 
ing, are modified when a comparatively small load is left permanently 
on the wire The modifications are stated m 5, 6, and 7 

5 For small magnetising forces loading produces no effect on tho 
temporary magnetic permeability, unless earned beyond a certain 
limit Beyond this limit further loading snddeuly begins to inerease 
the permeability 

6 For all values of the magnetising force the first critical valne of 
loading vanishes 

The second critical value of loading increases with the magnetising 
foree, bnt for a given magnetising force is mneh lower than when 
there u no permanent load 

* By tbs terms permanent and temporary permeabilities are meant the perinea 
Mltv for permanent magnetisation, and the permeability for temporary magnetisa¬ 
tion napeettvely, 

VOL XLDL b 
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7. The minimum temporary permeability increase* with the mag- 
netiaingforce up to a certain limit of the latter, bnt beyond this limit 
decreases. 

. 8. The permanent magnetic permeability is increased by loading, the 
amount of increase per cent, being very large for small magnetising 
forces and moderate loads, bnt diminishing as the magnetising fores 
increases. 

9. The increase of permanent magnetic permeability mentioned in 
8 rises in greater proportion than the load np to a certain limit of 
the latter. Beyond this limit it rises in loss proportion than the load, 
an<f eventually ceases to rise with increase of load j the valne of the 
load at which this last occurs decreases as the magnetising force is 
increased. 

10. For a wide rouge of loading, the effect of the stress on the 
permanent permeability is opposite in direction to the effort on the 
temporary permeability. Consequently loading may be fonnd to pro¬ 
duce either increase or decrease of permeability according as the 
permeability we are considering is temporary or permanent. 

Similarly the total magnetic permeability, since it inoludes both 
temporary and permanent permeabilities, may be affected by loading 
in the contrary direction to tho temporary magnetic permeability, and 
the more so as tho effects of loading on the permanent magnetic 
permeability are very much larger than those on the temporary 
magnetic permeability for a rather wide range both of loading and of 
magnetising force. 

11. Tho effect of loading—even when carried to a great extent—on 
the temporary permeability of unannealod piano-steel is very small, 
provided the wire be not permanently stretched by the load. 

12. The effect of loading on the magnetic permeability of annealed 
iron varies very' considerably with the amount of previous strain to 
which the metal has been subjected. 

13. When the magnetising foroe is very considerable and the load 
small, permanent extension, resulting from previous loading, eansee 
the diminution of temporary permeability produced by the load to be 
much increased; also the maximum diminution whioh can be tempo¬ 
rarily produced by loading is increased. 

When, however, the temporary load exceods a certain limit, the 
diminution of temporary permeability produced by the load is lessened 
by permanent extension. Further, the load whioh produces maximum 
diminution of temporary permeability may be considerably lessened 
by permanent extension. 

14. When the magnetising force is small the permanent strain may 
change increase of temporary magnetic permeability resulting from 

.loading to decrease, provided the load does not exceed a certain 
limit. 
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When (he shore-mentioned limit is exceeded the effect of the per¬ 
manent strain u reversed 

lft The effects mentioned m 12, 13 and 14 are for the most part 
really the results of svbpermment mol viar strain, and can be in great 
measure removed by severely shaking the wue 

16 The permanent molecular strain which is left on the removal of 
any load, produces, both for low and high magnetising foicos, a pei- 
manent diminution of magnetic permeability increasing with the 
strain up to a ceitain amount of the latter When, however, the 
strain is snoh that the wire is sensibly racrcasid in length tho tem 
porary permeability increases considerably and the p rmanent permea¬ 
bility diminishes consider vbly up to a second limit of permanent 
strain when once more decrease of temporary perme ibihty sets in 

17 7he Gist maximum of the decrease of permeability mentioned 
in 16 at that decreases with increase of the magnetising force to 
nearly aero it increases again however, if we exceed a certain limit 
of magnetising force 

On tho contiaiy the maximum increase of temporary permeability 
at hrstnacs with the magnetising force until tho peimoability is more 
than donblcd when it begins to fall us tho magnctibing force is poshed 
farther 

18 Mere rost after permanent extension has little oi no effect on 
the alteiation of the temporary permeability which is pnlucedby 
loading whereas it veiy perceptibly mucuses the longitudinal elasti¬ 
city of iron 

19 For magnetising forces not exceeding a certain limit thcie are, 
for all temperatures between 0° C and 1()U C two critical values of 
loading for which no alteiation in the temporary pormeability is pro¬ 
duced by the load (boo 1 ) 

lhe value of the load at the first ci ticnl point diminishes, and that 
at the second critical point increases as the temperatme is raised from 
0° C to 100* C but as tho fempeiatnro is i used still fnrthei tho 
first critical load becomes greater and fhe second becomes less, until 
at some teraperaturo between 250° C and dOO C tho two critical 
points oomcide 

20 For magnetising forces exceeding a ceitain limit the two critical 
points of loading appioach each other at first slowly and then rapidly, 
with increase of tempeiatuie from 0° C to 300° C Both critical 
loads diminish with rise of temperature, but tho second moie rapidly 
than the first 

21 The effeot of loading on the permanent permeability diminishes 
with nso of temperature from 0° C to 300° C 

22 As the magnetising force increases the total magnetic permea¬ 
bility of annealed iron which has not lieeu previously magnetised rises 
to a maximum and then begius to decline The maximum permeabi- 
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litj seems to ocenr at nearly the same point of magnetio intensity 
for different specimens of well annealed mm of good magnetio permea¬ 
bility, bnt not at the same point of magnetising force 

23 When an non wire has received previous magnetisation the point 
of maximum permeability occurs with a higher and higher magnetising 
force as the previous permanent magnetisation increases 

The point of maximum permeability also occurs at a higher degree 
of magnetio intensity when the wire has been previously subjected to 
a high magnetising force 

24 Besides a point of maximum total peimiability there is a point 
of maximnm temporary pei ratability which occurs a little before the 
first-mentioned point 

24 and 23 are in accordance with Maxwell s extension of Weber's 
theory 

25 The temporary permeability is diminished by previous per. 
manent or subpermanent magnetisation in the same direction The 
effect above mentionod may be very considerable, provided the mag 
netiBing force lies betwoen certain limits 

26 When the wne is well shaken after having been previously 
magnetised by a Btrong force the temporary peimeability is consider¬ 
ably restored, and is moreover much more nearly a constant for 
different values of the magnetising force than it was eithei previously 
to shaking or previously to suffering permanent magnetisation 

27 More than 90 per cent of the whole magnetisation imparted 
by a given forco to annealed non mnybe permanent or subpermanent 
provided the magnotising force has a certain moderate valne * When, 
nowever, the force is very large the percentage of permanent mag¬ 
netism is mnch diminished 

28 When an iron wue is loaded to a certain limit longitudinal 
magnetisation has no effect on the thciuo electnoal qualities of the 
metal 

The limit of loading mentioned aliove seems to be the same for a 
given magnetising force as that at which magnetisation has no effect 
on the dimensions of the wire 

29 The general features of the enrves showing the relation 
between temporary magnetio permeability and load are the same for 
niokel as for iron 

30 There are two critical points of loading at whioh the load has 
no effect on the temporary magnetio permeability of mckel 

31 The load at the first critical point diminishes with diminution 
of the magnetising foroo and finally vanishes 

• This has been already noticed by Ewing (‘Phil Tran* 1886 Part II) m 
whose important memoir other point* of mtere*t connected with magnetic induction 
which are mentioned u thu paper hare been al*o ducuieed 
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* On the contrary the load at the seoond critical point moreaaes u 
the magnetising force diminishes 

32 The effect of increasing the magnetising force on both the first 
and seoond critical loads is therefon opposite in direotion to the effect 
in the case of iron 

83 Similarly the effects mentioned in 3 are opposite in direction m 
nickel and in tron 

34 Rise of t« mperature from O' 1 C to 300° C increases the maxi¬ 
mum increase of temporaly magnetic peimeability, which can be 
effected by loading nickel wire, and diminishes the maximum 
decrease 

85 With nickel as with iron the magnetic permeability is not 
constant, but reaches a maximum The magnetising foroe which 
produces maximum permeability is greater with mckil than with 
non but the magnetic intensity at the point of maximum permeability 
is less with nickel than with iron 

36 Nickel wire can by shaking be more effectually de magnetised 
than iron 

37 Well annealed nickel ib capable of ictaimng subpei manently 
a very large percentage of the whole magnetisation lmpaitel The 
maximnm percentage retained is, however, not so great as with 
iron 

88 At a certain temperature the magnetic permeability of niokel 
vanishes The temperature at which this occurs seems to bo higher 
the higher the magnetising foroe This last, however maj perhaps 
be due to impurities in the nickel 

39 The magnetic permeability of nickel rises with the temperature 
to a maximum and then diminishes Ihe tetupcratuic at which 
maximum permeability occurs diminishes as the magnetising force 
increases 

40 The temporary effects of compression, on the temporaly mag¬ 
netic permeabilities of iron, nickel, and cobalt arc in the opposite 
direction to the effects of extension provided neither the mechanical 
nor the magnetic stieBs exceeds a ceitain amount 

41 The temporal y effect of traction transverse to the line of 
magnetisation on the magnetic permeability of mm, is opposite m 
direotion to the effect of traction in the i&mo line as the magnetisa¬ 
tion 

42 Temporary torsion beyond a certain limit (see 44) increases 
the temporary magnetio permeability of mm The amount of in 
crease may beoome very large if the wire has previously suffered 
permanent torsion or permanent magnetisation in the opposite direc¬ 
tion 

43 Permanent torsion decrease* the temporary magnetio per¬ 
meability The amount of decrease may become very large if the 
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wire has previously received permanent torsion in the opposite 
direction 

44 Tbore is for all but very large magnetising foices a critical 
point of torsion, for which temporary torsion does not affect the 
temporal y magnetic peimeabihtj 

46 When the critical point of torsion is passed, the temporary 
permeability increases with the torsion at first more rapidly than the 
torsion and afterwat Is more slowly until a maximum is reached and 
the peimeability begins to decline 

46 When the wire has previously suffered exoesane permanent 
torsion temporary toision which has before produced increase of 
permeability now produces decrease 

47 The effect of temporary torsion on the temporary permeability 
of nnannealod piano steel wire is in the same direction as with 
annealed iron which has suffered excessive permanent torsion 
(see 46) 

48 For a wide range of torsion the temporary permeability and 
the permanent permeability of annealed iron are oppositely affected 
by temporary torsion 

49 JIuid pressure does not temporarily affect either the temporary 
magnetic permeability of annealed iron, or the permanent magnetisa¬ 
tion of hard steel, except, it may be, to a degree which is not com¬ 
parable with that of tho effect of stress applied m any one direction 

60 lbo application, however, or the removal of fluid stress like 
that of the stresses of compression, extension, and torsion, shakes out 
fiom annealed iron a ceitain amount of residual magnetism 


IV. “Note on a New Constituent of Blood Serum” By L C 
Wooldridge, M It, D be, Research Scholar to the Giocenf 
Company Communicated by Dr Pyl-Smtih, FRS 
Received March 19, 1887 

I wish m the present note to draw attention to a proteid substance 
which exists m very small quantity in blood serum. Owing to the 
difficulty of obtaining a sufficient amount, I shall not attempt to give 
a complete description of its chemical characters, but shall confine 
myself chiefly to its physiological properties which, I venture to 
suggest, possess considerable interest It is obtained by rendering 
undiluted serum distinctly acid by means of dilute acetio or veiy 
dilute (4 pro mille) sulphuric acid Neutralisation does not cause its 
precipitation, the serum must have a strong acid reaction It is 
constantly present m the serum of dog’s blood, and when collected by 
the centrifoge it is precisely similar m physioal characters to ordinary 
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4brin, and only differ* from the latter chemically by being more easily 
soluble in dilate alkali. It is totally different from the soft granular 
precipitate of paraglobulin, the latter substance being extremely 
easily soluble in the slightest excess of acid. It is also constantly 
present in serum of sheep’s blood. In the case both of dog’s blood 
and sheep’s blood it is only piesent in very small amount, and in the 
serum from horse blood and bullock’s blood it was absent in the 
specimens I have examined. The physiological interest of this 
substance will be seen from the following. 

It is well known that Schmidt regarded two proteid substances as 
being essential for coagulation. One of these bodies was para* 
globulin, a substance existing in large quantity in blood serum. 
Subsequent investigation has failed to confirm this view, and there 
can be no doubt that paraglobulin is not essential to the process. 
Bat Schmidt has obtained results, the correctness of which we are in 
no way entitled to disputo, which apparently clearly show that the 
quantity of fibrin formed can be largely increased by the addition of 
paraglobulin. I think this discrepancy can be explained by the help 
of this new substance, and this will be best shown by describing the 
following experiments. 

Two portions of peptone plaBma were taken, and 

To No. 1, an equal quantity of sheep's serum was added. 

„ No. 2, a small quantity of a solution of the new substance. 

No. 1, after many hours only presented a scarcely perceptible 
flocculus of fibrin. 

No 2 was quite solid in 15 minutes j on squeezing out the fluid 
from the clot and again adding a solution of the new substance, 
the mixture again clotted through and through. 

Now Schmidt’s experiments wore very much of this nature. He 
found in certain specimens of hydrocele fluid that the addition of 
fibrin ferment produced very slight clotting, whereas on the further 
addition of a substance which he regarded as paraglobulin a decided 
dotting took place. Now sheep’s serum contains plenty of para* 
globulin and plenty of fibrin ferment, bnt it has no appreciable 
effect in my experiments. 

Bnt this new substance, which it must be remembered is only 
present in very small quantity in serum, had the most marked 
infinenoe, and hence I conclude that it is the new substance, and not 
paraglobnlin, which increases the amount of fibrin. It may be 
mentioned that in preparing paraglobnlin a certain amount of the 
new substance is always precipitated with the former substance. 

A second physiological property of this new substance is the effect 
it exerts when injected into the circulation of a living animal. 

It is very exceptional to find that the injection of blood scram 
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produces any effect, aerom containing plenty of paraglobulm and 
ferment bat only traces of the new substance 

But the injection of a solution of this body prevents the coagulation 
of the shed blood Occasionally as the result of the injection very 
small thrombi aro formed possibly if more oould be obtained oon- 
siderable intravascular clotting might be set np 
The following is an example 

A quantity of the now substance obtained from 300 co sheep’s 
serum and well washed was dissolved in dilute alkali and salt 
solution (The amount of substance was I estimate 0 2 gram ) Thu 
solution was injected into the jugular vein of a rabbit The blood of 
thu rabbit previous to the injection clotted in two minutes after the 
injection the blood drawn off remained quite fluid for three hours— 
tune of observation It clotted, however, directly on adding some of 
the solntion injected 

The injection of considerable quantities of serum or of paraglobulm 
I have not found to have any appreciable effect 

Of itself this snhstance, since it exists in so small amount, is of 
bttle interest, bnt as it appears to vary in quantity m different 
animals and under different circumstances, it is easy to see that 
misapprehensions as to the mflueuoe of paraglobulm on coagulation 
might easily arise 

These observations also throw great doubt on the power of fibrin 
ferment to produce a bo called intoxication 

This substance has an extremely feeble mfluenoe on dilnte MgSO, 
plasma, and hence contains but a trace of fibrin ferment Sinoe 
it u closely related to the fibrin yielding matters of the plasma, and 
to the tissue fibrinogens I have elsewhere described, I should 
propose to call it serum fibrinogen 


V. “Preliminary Note on the Fossil Remains of a fhelonian 
Reptile, Ceratochelyt Bthenunu, from Lord Howe’s Island, 
Australia” By Thomas H Huxley, F R S Received March 
24,1887. 

The interesting remains of whioh I propose to give a brief notice 
in the present communication, are oontained in a friable sandstone 
(apparently formed of concreted blown sand), and they have a very 
recent appearance The age of the deposit m which they axe found 
is unknown, but it is probably quaternary The specimens hare been 
for some years in the paleontological collection of the Bntiah 
Museum, and, for the most part, they hare not yet been submitted to 
careful examination. But I learn that the greater number of them 
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were long since rightly determined to be Chelonian by Mr. Daria, 
and set aside as such. 

Several of the moat important of these numerous and, in general, 
very fragmentary bones were originally found imbedded olose together 
in the same block of sandstone. They consist of a great part 
of a pelvis, a caudal vortobra, and an imperfect skull. Of tbe 
pelvis, a right isohinm and a pubis are imbedded in tho rook, while 
an imperfect right ilium, which fits well on to the ischium, is 
separate; all these bones are unmistakably Chelonian. The candal 
vertebra has remarkable peculiarities. It resembles an ordinary 
Chelonian candal vertebra from the anterior half of the tail, in its 
general characters; but it is strongly opiRthoooelous, tho centrum 
having a deep enp behind and a correspondingly curvod articular head 
in front. From the posterior part of the ventral faco, two stout pro¬ 
cesses diverge, and present terminal rounded facets for the rami of the 
large chevron bone which must have articulated with them. As a 
general rule, the caudal vertebra of Chelonia are proccelons—but 
Chelydra and Gypoohclya (perhaps also Siaurotypua and riihjatnmum) 
form well known exceptions,* in so far as the vertebra behind the 3rd 
or 4th are strongly opisthocoelous. In fact, the vertebra in question 
closely resembles the 6th or 7th of Ohelydra or of Gypoehelyt (see 
figs. 1 and 2). In the first, howevor, the transverse processes are 

Fie. 1. 



Caudal vertebra of Ctratockely*. K, platform on the neural arch) pa, pr*- 
rygapophyii* mutilated | tr, broken transverse process j CAe', processes for the 
chevron bone | Civ, chevron bone. 

* The opisthoenlous character of moet of the caudal vertebra of Ckalydm wae 
tnt pointed out by Yon Meyer in bis description of the CEningen CJMttira. Baur 
(" Ostsol o g i sch s Notisen," 1 ZooL Anseiger,’ No. MS, 1886) has gone fully into tbe 
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very much stronger and the pentagonal platform intowhioh the upper 
surface of the neural arch expands, in place of a neural spine, is as 
long as the vertebra instead of being only about half as long. The 
■tout pre-zygapophysis of the right side is broken off, leaving only the 
base visible in the fossil. 

Two other caudal vertebra, having the same structural features, 
ocour among the detached remains; and belong, like the first, to the 
second fourth of the tail. Another tolerably complete vertebra, with 
a considerably longer oontram, corresponds vpry closely with a caudal 
vertebra of Qypochelyi from the third fourth of the tail. In this, as 
in one of tho foregoing vertebrae, the chevron bones are ankyloacd 
with the centrum. I conceive, then, that there can bo no doubt that 
the pelvio bones and these caudal vertebras belonged to a Chelydroid 
Ohelonian, of about the sise of the largest “ Snapping turtles ” which 
are met with in North America at tho present day. 


question, sod his pointed out the exceptional nature of their structure among the 
Ohelonia. Since the above paragraph was written, Dr. GAnther has kindly enabled 
me to examine a spirit specimen and a skeletoit of Platyttruum. The oeudal 
vertebra resemble those of Cielgdra, eloopt that the last nine are prooooloui, while 
that betwoen theae and the more anterior opisthoccslous vertebra la nearly flat at 
the ends. Id this, as in other reepeote, Plrntgitanum presents characters inter* 
mediate between Ckelydra and tho ordinary Emyda. Professor Cope (‘ Vortehrata 
of the Tertiary Formations of the West,’ 1883, p. Ill) asoribes opisthoeealoua 
caudal vertebra to the Banida, but no figures or descriptions of suoh vertebra are 
given. Of the opisthoooslous Ohelonian vertebra figured in Plate XXIV of the 
‘Report of Kxtinot Vertebrate obtained in New Mexico ’ (1877) it is expressly etated 
that their “oorreot reference cannot now be made ” (p. 43). 
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Prtmafaeta, the aknll found in the nme block aught also be expected 
to be that of a Chelydroid and, m fact, it is so I do not base this 
interpretation on the Chelonian character of the upper jaw as there 
are various extinct Saurian reptiles which closely approximate 
Chelonia in this part of their structure The diagnostic characters 
lie m the back part of the skull and especially in the an litory legion, 
which is altogether Chelonian Not only so but when this fragmentary 
skull is compared with that of Ohelylra the correspondence between 
the two la singularly exact (figs 3 and 4) In two respects however, 
the fossil differs from Ohelydr i and Qypoehelyt 


Fu» 3 



Skull* of CeratoeMg* (fig 8) and Chtly Ira (fig 4) the latter of the nature 
sue the former much reduoed The portion of the skull of CMydra which 
correspond* with the fosul i* ihaded 


1 The roof over the temporal fossa formed by the parietal, post* 
frontal, and othei bones, whioh leaves the auditory region uncovered 
in the recent genera,* extends back, beyond the occiput, in the fossil, 
and sends down a broad vertical run from its margin 

* The root extend* much further back in PlatgrUrmm 
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2. The upper surface of the cranial shield is, at most, rugose in 
the recent Chelydndce; in the fossil, three strong oomcal processes, 
like horn-cores, of which the middle is the longest, are developed 
from its posterior and lateral region * 

Thu skull is described and figured m the ‘ Philosophical Trans¬ 
actions ’ for 1886 (Plate 30, fig 1) by Sir E Owen, under the 
genome or subgeneno name of Metolanui, and is said to belong to a 
Saurian reptile closely allied to the “ Megalanta pruca" described in 
earlier communications Bnt the skull is assuredly that of the 
Chelydroid Chelontan to which the pelvis and caudal vortobta belong 
What Megalama pruca may be I do not pretend to say, but the 
remains which I have described can have nothing to do with any 
Saurian reptiles, and I propose to confer on the genus of Chelonia to 
wtnoh they belong the name of Ceratochelys 

The singular osseous caudal sheaths described by Sir R Owon, in 
the same memoir, also appeitain to C< ratochelys They formed part 
of the senes of remains sent to the British Museum along with the 
foregoing, m which none but Chelonian bones have yet beon 
discovered, and the remains of veitobi® left in these sheaths are 
similar to the caudal vertebra of the toi minal fourth of the tail m the 
Chelydndce The Snapping turtles are notod for the length and 
strength of the tail and for the strong, laterally compressed, 
acuminated “ scales ” whioh form a crest along the median dorsal line, 
while others, less strongly keeled, lie at the sides of the tail In many 
Chelonia, the extremity of the tail is enveloped in a continuous sheath 
These and other soale-hke structures in the Chelonia, are usually 
spoken of as if they were entirely epidermal But, a day or two ago, 
Dr Ounther informed me that m the Australian Tortoise, Manourta, 
the great imbricated scales of the limbs oontain bony scutes, and that 
similar scutes are to be found in Tettudo grceoa This of course, 
suggested the examination of the caudal scales of Ohelydra and 
Qypochelyt , and, having been enabled by Dr Gunther’s kindness to 
examine the caudal scales of a good sised specimen of the latter, I have 
found that those of the crest oontain bony scutes f The bony scute 
corresponds very closely in form with the whole “ scale,” but the 
recurved apex of the latter is formed only by epidermal substance 
(figs 5 and 6) 

The living Ohelydra, therefore, has a caudal armature whioh, m 

• It m possible that these may be dermal bones oohereut with the proper cranial 
shield 

t The fact u noted by Rfltinwyer (Lang and Butuneyer, "Pie Bosnian 
SehildhrMen von Solothum,” * Denksohnften der AUg Schweiz GkseUsohaft,’ 
voL 28). The armature of the tail m PlalytUrnnm is for the most part arranged 
in sonas, of four plates in each tone, but I have not yet been able to And any 
bone in them. 
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Fio. 6. 



Fig. 6. 



Section*) view* of a touto of the tml-wmour of CeratorMgs (fig. 5), and of on* 
of the ore*t plate* of Gypoeheli/s, both of the natural uie. 

principle, is similar to that of Ceratochelys, but the osseous elements 
are relatively atrophied. There is exactly the same relation between 
the armour of species of living Crocodile* and Alligators, on the one 
hand, and those of Jacare and Cawnan and the extinct Teleosauna, on 
the other. In tho former, the opidermal scales remain well developed 
on the ventral aide of the body, while the corresponding 1 osseous scutes, 
fully developed in Jacare, Caiman, and Teleosauna, have vanished. 

Among the detached fragments to which I have referred, there are 
remains of ribs, with their costal plates; marginal and other plates of 
the carapace; parts of the plastron; part of a scapula; sundry limb 
bones; and several of the cranial processes called “ horn-cores.” They 
all agree, so far as they can be compared, with the determination 
already arrived at; which, to sum it up in a few words, is that the 
remains of crania and caudal sheaths from Australia, hitherto referred 
to Saurian reptiles, under the names of Megalania and Meielania, 
appertain to a hitherto nnknown species of Chelonian, Ceratochelys 
ithenurut, closely allied to the living Ohelydra, Qypochdys, and Platy- 
ttemum. 

The evidence of this fact offered in the present note appears to me 
to be conclusive, but it may be desirable hereafter to figure the parts 
mentioned and to describe them at length. 

The interest which attaches to tho discovery of this singular 
Chelonian arises partly from the fact, that the group of Chelonia to 
whioh it belongs is wholly unrepresented in the fauna of Australia, as 
at present known. Platy sternum is nsnally said to be found in China. 
Dr. Ghinther, however, informs me that Upper Burmah is its proper 
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habitat; otherwise, North America, east of the Rocky Mountains, is 
the nearest region in whioh the Chelydrida are to be found. Bat 
Ohelydrxdm, and, indeed, aperies of the genne Chelydra, occur in 
Upper Miocene (CEningen) and in Eocene formations in Europe. 
Moreover, Platychdyt, of the Upper Jnraaaic series of Bavaria and 
Switzerland is regarded by Rutimeyer as an early form of the group. 

Lord Howe's Island is about 200 miles from the nearest Australian 
mainland, and something liko 400 miles, as the crow flics, from the 
Darling Downs, in which tho caudal armour, whioh has been ascribed 
to Msgalania, was found. The discovery of Oeratochely*, therefore, 
has an interesting bearing on the question of the former extension of 
Australia to tbe eastward, on the one hand; and of the possible 
derivation of snch forms as OeratorMys from Asia, on tbe other 
hand. An elevation of the sea bottom of 0000 feet would place 
Norfolk Island and Lord Howe’s Island on a peninsula extending 
from the region of tbe present Barrier Reof to New Zealand; and 
the Florae and Faunae of those islands are known to have special 
affinities with those of New Zealand and none with those of Australia. 

Speculations respecting tho origin of the Chelonian carapace, are 
suggested by the discovery of osseous scutes in the vertebral region 
of the tail, and their coalescence in Oeraiorhelyi to form a sort of 
caudal carapace, ridgod in a manner resembling that of Chrlydra and 
Platychelyt. But the consideration of these points wonld take me 
beyond the limits of the present note. 


VL “Action of Caffein and Theino upon Voluntary Muscle.” 
By T. Lauder Brunto.v, M.D., F.R.3., and J. Theodore 

Cash, M.D. Rocoived March 24, 1887. 

From a number of experiments we have found that oaffain and 
theine both cause rigor in the voluntary muscles of frogs. All theJe 
experiments were made on liana teviporaria and none on Sana escu- 
lenta. The action is, however, very variable, the rigor being some* 
times exceedingly well markod, and at other times not observable. 
The alteration does not depend on tbe dose of the alkaloid. When 
the gastrooneimi of the same frog were treated with solutions of 
caffein or theine of different strengths, tbe stronger solution had the 
most powerful action; but when different frogs wore used, a large 
dose sometimes had little action on one frog, while a small dose bad a 
powerful action on another. Tbeine seems to be rather more powerful 
than caffein, bat the quantitative difference between them is slight. 
There is, however, a marked qualitative difference betwoen them, 
inasmnob as tbeine tends to produce rhythmical contractions in the 
muscle. Complete curarisatiou quickens tbe occurrence of rigor. A 
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variation U observed in the action of the alkaloids on the different 
mnsoles of the same frog. In the triceps the rigor is more rapidly 
developed, and more extensive than in the gastrocnemins. In the 
sartorins rigor commences soon, increases rapidly, lasts for some 
hours, and then relaxes. 

The addition of lactic acid to a solution of theino or caffein causes 
the rigor to appear sooner, develop more rapidly, and attain a 
greater maximum. Potash retards and diminishes the action of theine 
or caffeine. Guanidine produces at first its characteristic clonio con¬ 
tractions, but these pass off long beforo the rigor of caffeine or 
theine begins, and the appearance of tho rigor is postponed as com¬ 
pared with the rigor of theine or caflein alone. On comparing the 
effect of guanidine with that of chloride of barium, we found that in 
the case of tho guanidine the rigor was longer in occurring, and its 
maximum was greater than that produced by barium Milts. The 
addition of chloride of calcinm to tho solution of theine quickens 
rigor and makes it more extensive. One phenomenon which seems 
deserving of attention is the rhythmio contraction of the muscle pro¬ 
duced by theine. This rhythm is so slow that it would oBcape attention 
unless a very low rate of speed were used in tho recording appa¬ 
ratus ; it is sometimes as slow as from three to about one contraction 
per hour; it may continue for twenty houis. The rhythm is nsnally 
produced by small doses of theine, which do not cause a marked rigor; 
it may, however, occur at the commencement of what develops into a 
lasting rigor, or at tho relaxation of a pseudo-rigor, by which we 
mean a phenomenon which might also he termed tetunio relaxation.- 
The rhythm is more rapid at the commencement of its occurrence 
and slower towards its termination; it may be hs rapid as twenty 
relaxations and contractions in an honr, or as slow as between one and 
two in an hour. The total extent of contraction and relaxation is 
very small, amounting to about one-fifth of a millimetre At first the 
Contractions and relaxations are equal in duration, but afterwards the 
relaxations become more rapid and the contractions slower. In one 
instance we observed tho remarkable phenomenon to which we have 
given the name of psoudo-rigor; in this experiment the application 
of the theine was followed by Blight relaxation of the muscle, to this 
succeeded an equal contraction, and then followed great relaxation 
below the normal, bo great indeed that the negative curve below the 
abscissa strongly resembled the positive curve of contraction du<f to 
rigor in most other experiments.* 

• Thk phenomenon ii difficult to explain, but it suggests the possibility of s 
transverse as well as a longitudinal contraction in muscular fibre.—March 29,1887. 
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VII. “ Contributions to our Knowledge of the Connexion between 
Chemical Constitution and Physiological Action. Prelimi¬ 
nary Communication on the Action of certain Aromatic 
Bodies.” By T. Lauder Brunton, M.D., F.R.S., and 
J. Theodore Cash, M.D. Received March 24, 1887. 

The distinctive action of tho lower members of the fatty series is 
their stimulant and anaesthetic action on tbe nerve-centres. 

The members of the aromatic series also affect the nervous system, 
but they appear to affect the motor centres more than the sensory, so 
that instead of producing ana's! beam, like tho members of the fatty 
series, they tend rather to produce tremor, convulsions, and paralysis. 
Benzene, chlorobensene, bromobenzone, and iodobenzone are all 
somewhat similar in their action on frogs; the halogen radicals not 
modifying the action of the benzene to snch an extent as they do in 
the case of ammonium salts. The voluntary muscles are weakened 
by them, and there is a slight tendency to paralysis of the motor 
nerves j but the action is chiefly exerted upon tho brain and Bpinal 
cord. The brain is first affected, as shown by general lethargy and 
disinclination to move. Next tho cord ia affected ; motions are imper¬ 
fectly performed, and there is a tendency to genera] tremor on move¬ 
ment resembling that observed in disseminated sclerosis; sometimes, 
however, tho tremor is observed independently of movement. 

Tho addition of hydroxyl to the ben^ne nucleus intensifies the 
oonvnlsant action, so that oxybenzene (carbolic acid) and dioxy- 
benxene cause convulsions in frogs, and tnoxybenzene causes jerkings, 
though of a Blighter character. 

The Society then adjourned over the Easter Recess to Thursday, 
April 21st. 
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M On fhe Effect of Polish on the Reflexion of Light from the 
Surface of Iceland Spar.” By C. Spurge, B.A., St. 
Catherine’s College, Cambridge. Communicated by R. T. 
Glazebrook, M.A., FJLS. Received November 18,—Read 
December 16, 1886. Revised March 3,1887. 

I Introduction. 

The optical effect of polishing the snrfaoe of a transparent body has 
reoeived the most complete investigation at the hands of Seebeok,* 
and till very reoentlyt Seebeck’s were almost the only experiments 
made on the subject. Seebeck’s method consisted in observing with 
a Niool the light of a lamp reflected from the snrfaoe of the body. 
By means of a divided circle, the angle of polarisation was measured, 
and it was from an alteration in this angle that a change in the state 
of the surface was inferred. But it has been since shown by JaminJ 
that, when plane polarised light is incident upon the snrfaoe of a 
transparent body, the reflected light is in general not plane but to a 
measnreable degree ellipiically polarised, and consequently there is no 
angle of incidence at which the light can be completely quenched by a 
Niool. It follows that, as regards our present state of knowledge, 
Beebeok’s investigation is to somo extent incomplete, and also that 
there is some uncertainty in the determination of the angles of 
polarisation, which may affect our conclusions as regards the state of 
tiie surface, especially since tho difference produoed by polishing is 
acoording to Scebeck not very large. Both Sir David Brewster§ and 
If. Jamin were of the opinion that Seebeok’s experiments should be 
repeated, and the latter promised to consider the effect of polish 
later on but appears never to have done so. Mr. Glaaebrook kindly 
pointed out to me that the subject presented a suitable field for 
research, and, at his instanoe, I undertook the present investigation. 

My object has been to attain greater accuracy than hitherto by 
employing for an analyser a quarter undulation plate in addition to a 
Nicol, so as to make the extinction of the reflected light very 
complete. The anglo of incidence of the polarised light falling on the 
surface of the crystal was kept constant, in order to moasure as 
directly as possible the alteration produoed by change of polish Both 
the asimuth of the major axis and the ratio of the axes of the 
elliptically polarised light were calculated. These quantities furnish 
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M with two independent testa of a change of surfaoe, and completely 
determine the nature of the light, ao that a knowledge of their values 
Mora and after polishing enables ns to state the precise alteration 
prodnoed in the reflected light, a question which has nsver been 
investigated, and is, I believe new to this paper. 

II. Apparatus. 

A series of preliminary experiments were made to disoover what 
apparatus was best suited for the investigation. 1 found that, 
whether a Niool or a Nicol and a quarter nndulation plate were 
need as analyser, it was beet to polarise the light beforo incidence. 
Also, observations showed me that a Nicol and a quarter wave plate 
were a more sensitive arrangement than a simple Nicol, supposing 
that in each case the bght was polarised before incidence. 1 have 
therefore deemed it neoessary to employ the Niool and quarter wave 
plate arrangement in order to secure all the accuracy that is possible 
by completely quenching the reflected light. 

The instrument 1 used was an elliptic analyser kindly lent for the 
purpose of these experiments by Professor Stokes 

A very full description of the instrument will be found in the 
' Phil, Mag ’ for 1851, but the following abbreviated aocount is given 
in order to explain the way in which it was used during the course of 
the experiments. 

The elliptic analyser consists of a brass annulus attached to a 
vertical stem which fits into a hollow cylindrical foot. When the 
foot is placed on a table, the plane of the annulus is vertical. Within 
the annulus turns a brass graduated disk; and the angle through 
which it turns is read off by means of verniers engraved on the 
annulus. These verniers are therefore fixed. The disk is pieroed by 
a central aperture on the side of which opposite the incident light is a 
screw thread, so that a cell containing a quarter wave plate can be 
screwed into the disk. In frqnt the disk carries a bollow cylinder 
turned in the lathe with the disk iteelf. Bound the cylinder turns a 
collar into which is screwed a tuba containing the analysing Niool. 
The collar carries a pair of level edged verniers by which the angle 
may be read off through which the Niool has been turned. These 
verniers are therefore moveable. Thus the quarter wave plate moves 
in asimuth, carrying the Niool along with it, and the Niool has 
likewise an independent motion in asimuth. In observing, the light 
is extinguished by a combination of the two movements, in which 
case the elliptically polarised light is converted by the quarter wave 
plate into plane polarised, whioh is then quenched by the Niool. 
There are two principal positions in which the light can bo quenched, 
and, since either Niool or quarter plate may be reversed by turning 
through 180°, there are four subordinate positions corresponding to 

s 2 
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cnoh principal position. The position of the Niool is determined by 
the readings of the two moveable and that of the quarter ware plate 
by the readings of the two fixed verniers. Thna each principal 
position is determined by eight readings, and in the tables which 
follow, each number is the mean of eight readings. 

Suppose that R, R' are the mean readings of the fired, r, r’ the 
mean readings of the moveable verniers, then the quantities, which it is 
the objoct of the present investigation to determine, are tan w, the 
ratio of the axes of the ellipse, I, the axironth of the major axis of the 
ellipse, and these are given by tho fonnule— 

cos 2w = sin (r'—r)/ sin (R'—R), 
and I = $(R' + R). 

Theso equations determine xr absolutely, but I will be measured 
from an arbitrary sero which will remain fixed so long as the quarter 
plate is not unscrewed from its containing tube, but which will be 
changed by a constant amount, if for any reason it is unscrewed and 
rescrewed up. 

A subsidiary quantity is p, the retardation of the crystal plate, 
which may bo determined by means of the equation, 

cos p = tan (r'—r)/ tan (R'—R). 

The source of light employed was an Argand burner, the rays from 
which were polarised by moans of a Nicol before incidence. 

III. Adjustments. 

Tho tube of the polariser was lovellod and its axis placed in a direct 
line with the centre of the flame. The height of a small brass table, on 
which the crystal was placed was adjusted so that the reflected light 
passed through the tube of the analyser. A number of preliminary 
observations were made to determine the best angle of incidence, i.e., 
the angle at whioh tho extinction was most rapid. 

The best position of the analyser having been found, the centre of 
the tube of the analyser was adjusted to the same height as the oentre 
of the tube of the polariser and the centre of the faoe of the crystal. 
The tnbe of the analyser was so directed that a ray of light from the 
centre of the flame passing dong the axis of the polariser was reflected 
so as to enter at the centre of the tube of the analyser and leave at the 
centre of the tube. 

As the present experiments were directed to discover a difference 
whioh at the ontaet was reoognised as possibly small, especial care 
was taken to secure fixity of position in the parts of the instrument 
and in the position of the faoe of the crystal of Ioeland spar. 
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The instrument* were firmly attached to a laboratory table, and 
before commencing the moveable parts were examined and tightly 
•crewed up. Bound the base of the table and the foot of the analyser 
a small quantity of melted paraffin was poured so aa to form con¬ 
necting links from one part of the apparatus to another. From time 
to time these links were examined and found to be unbroken. 

To attach the crystal to the table, hard electrical cement was used. 
The plan finally adopted was to place the crystal on the table, and to 
fix it by pouring a small quantity of melted wax down the back of it. 

Since the crystal was removed from the table to polish its surface, 
some means of restoring it to its original position were needed. The 
following optical method was employed. 

A circnlar diaphragm with a central pinhole was fitted to the brass 
tube containing the polarising Nicol. If the pinhole were slightly 
eccentric, the position-of the hole would change as the disk rotated in 
its plane. To obviate any such alteration, a radius waa drawn on the 
diaphragm which was set so that it was horisontal and always pointed 
in the same direction. In front of the source of light was placed a 
screen having a small hole at the same height as the pinhole in the 
diaphragm. The position of the screen was defined by lines drawn on 
the table. 

Thus only a single ray of light waa allowed to fall on the surface of 
the crystal, vis., that passing through the apertures in the screen and 
diaphragm. As these apertures could always be replaced in the same 
position, the direction of this incident ray waa a fixed horizontal 
straight line. In a similar manner a circular diaphragm with a 
oentral pinhole was fitted to the brass tube containing the analysing 
Nicol, and some distance in front of this tube was placed a screen 
with a pinhole at the same height as the pinhole in the diaphragm. 
The position of the screen was defined as before by lines drawn on the 
table. A radios was drawn on the diaphragm, and also, since the tube 
itself was moveable, a mark was made on it so that it could be turned 
into the same position. 

The crystal was placed on the brass table so that its plane was 
vertical and passed through the centre of the circular top. 

On placing the eye opposite the aperture in the screen facing the 
elliptic analyser, it was found that a bright dot of light was visible. 
Thus the horizontal incident ray already mentioned must have been 
reflected by the crystal surface so that it passed through the apertures 
in the screen and the diaphragm fitted to the analysing tube. These 
apertures oould be replaced in tbe same position, and therefore the 
direction of the reflected ray was a fixed horisontal line. Consequently 
the normal to the surface of the crystal bisecting the angle between 
the incident and reflected rays was a fixed direction. 

Supposing the crystal to have been taken down for polishing, it 
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could be restored to position by placing the diapbragma and screens 
in tbeir proper stations, and setting the crystal so that a bright dot of 
light was risible to the eye in front of the last screen. 

The only possible changes in position that this method allows are a 
displacement parallel to the table and a rotation of the face of the 
orystal in its own plane. The former was prevented hy means of 
fixed marks on the table, and the latter by taking every precaution to 
leave the base of tho crystal in contact with the table unchanged, and 
later on by the nse of a template. 

A series of experiments were made to determine whether the dia¬ 
phragms and screens could be removed and replaced in exactly the same 
positions For this purpose the screens and diaphragms were removed 
one at a time and replaced, using only the setting lines, ft was found 
that the dot of light remained visible, while the slightest displace¬ 
ment of the screens caused it to disappear. 

During each set of experiments the screens and diaphragms were 
frequently replaced to determine if the crystal remained unmoved. 

The snrfaoe of the orystal was shielded during the day by a box: 
with apertures, and completely oovered at night. In taking the 
readings the quarter wave plate and Nieol were turned into d&ch 
positions that the centre of the field was as dark as possible. . 

IV. NzperimeitU made i eiA a Natural Face. 

Observations were now made with the light refleotod from that ^ 
natural face of the crystal which seemed the best. The results are ' 
given in Tables I, II. The observations made with the crystal were 
always consecutive, none being rejected after the first satisfactory 
observation had been taken. 


Table I.—Observations with a Natural Face. Mean Temp. 16 0, 8 0. 






of Light from Zetland Spar, 
Table IL 


U7 


Mesa*.. 

w 

tea*. 

I. 

£ 6a'-5 

i so-a 

1 481 

i 68-a 

3 0-8 

1 £5-3 

1 67-6 

1 40- 
1 60 4 
a s-4 
a 3-a 

1 61-8 

1 608 

Hlliiillilll 

ooooooooooooo 

108-188* 

108-088 

108 106 
108-368 
108-161 
108-088 
108-099 

108 101 

108 103 
108-034 

107- 876 

108- 143 
107-986 

1 US 

a-08344 

108*088 


Taking from Table I the mean values of E'—R, f— r, we have— 

- - - -±2=2- -v *gg = 0-997762. 

sin 91-492 

Thus w = 1° 55', and we obtain for the values of the quantities 
which determine the nature of the polarised light, 

tan w = 0 03346, I = 108-088°. 

We have to find whether these two quantities are altered by 
polishing. 

The subsidiary quantity p is given by— 


tan (r'—r) - tan 85 886 
°°* P m tan t,tt'-"E) * tan 91-492 


-0-3621. 


We are calculating p merely for the purpose of verification, and are 
not using it to determine the nature of the polarised light. Take, 
then, p to be the least positive angle which satisfies the last equation. 
Thus p m 111* 14'. This is the mean value of p. To estimate the. 
error in determining p, take the 12th set of observations in Table £ 
We have— 


tan 85-900' 
tan 91-756 “ 


-0*42768, 


whenety s* 116° 19*. There is thus a d i f fan sa o e of 4 s in the extreme 
value ol p from the mean. The cause of this apparently large vaeiar 
tion in, the value# of p will be considered later on 
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V. Determination of the Inclination of the Natural Face to the tame 
Face Polithed. 

The oryat&l vu taken down from its position on the brass table, 
and, in order to engnre that the face from which the light was 
reflected was ground parallel to itself, the inclinations of the face to 
two other faces which were left untouched, wore obtained before and 
after polishing. The measurements were made in the usual way with 
the spectrometer. It was found that a fair image of the slit could be 
obtained by reflexion at each of the faoeB. Three times the crystal 
was completely dismounted and measurements of each angle taken. 



Before poluhing. 

After poliehing. 


First angle. 

Second angle 

Firet angle. 

Seoond angle. 


105 i 56 
105 6 16 
105 7 16 

74 58 {ft 

74 69 0 

74 68 7 

106 6 ih 

106 6 7 

106 5 7 

74 59 6' 

74 58 22 

74 68 60 

Kmuu.. 

106 6 29 

74 68 86 

105 6 87 

74 68 44 


The angles are almost unaltered and the differences are within the 
limits of experimental error. Lines were drawn round the sides of 
the crystal parallel to the edges, and after polishing remained still 
parallel, which was an additional confirmation. The conclusion at 
which we arrive is that the polished face was parallel to the natural 
faoe. 

VI. Method of Polithing the Oryttal. 

The natural face which had been the subjeot of the experiments 
recorded in Tables I and II was polished. The polishing was per¬ 
formed by myself to ensure an exact knowledge of the treatment it 
received. 

I am indebted to Professor Threlfall for the use of the apparatus 
and materials. As previous experimenters seem to have experienced 
a difficulty in obtaining a surfaoe polished in the same manner, it may 
be well to state the exact mode of polishing the surfaoe. 

That the orystal might be polished under the same conditions of 
pressure, a rectangular block of lead was cemented to the crystal. In 
polishing especial care was taken not to press on the crystal down¬ 
wards, but to exercise only lateral pressure. The crystal was first 
pol ished with emery on a plate of glass which had been rendered 
plane by grinding on a slate. The emery was prepared as follows: 
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some very fine emery na Mattered over a tub of water and allowed 
to settle; after standing for a number of minutes, the liquid was 
poured off, and the sediment, which was deposited on standiug for a 
farther number of minutes, was preserved for use. Five kinds of 
emery were used, vis. 

Stood 1 minute, deposited in 5 minutes. 

.. 5 „ 15 „ 

„ 15 „ 30 „ 

„ 80 „ 2} hours. 

„ 2 hours „ 40 „ 

The crystal was polished about twenty minutes with each kind in 
a perfectly quiet room to avoid dust being deposited on the glass and 
causing flecks in the crystal. 

Next a bed of refined pitch was prepared having its upper surfaoe 
perfectly plane. Upon this the crystal was polished wilh Tougo for 
about three hours. Finally, the surface was carefully cleaned by 
washing it in a stream of water. 

VII. Experiment/ made with the tame Face Folithed. 

The screens wore carefully set in their places, and by means of 
these the orystal was fixed in the same position as formerly by the 
method described towards the end of Section III. Then the observa¬ 
tions recorded in Table III were takon consecutively. 


Table III.—Observations with a Polished Face. 
Mean Temp. 14 85* C. 



r'. 

i*. 

B 

R. 

(r'-r). 

(R'-B). 


91 -196° 

4-812° 

168 714° 

61 798° 

86 683° 

91-916° 


91-063 

4-408 

163-618 

61 986 

86-687 

91 -676 


00-866 

4-886 

163 646 

61 954 

86-481 

91 691 ; 


91048 

4-826 

168-781 

62 168 

86 728 

91 -018 


91"168 

4-194 

158 229 

62-096 

86 968 

91-184 


90-871 

4 400 

168 -406 

61 960 

86-471 

91-487 


91 006 

4 189 

163-876 

62-096 

86-819 

91-281 


90-884 

4-166 

163-687 

62 110 

86-718 

91-627 


91 090 

4-191 

163 466 

62 244 

86 829 

91-2*1 


91-244 

4-001 

168-620 

62-287 

87-188 

91 -282 


91-066 

4-118 

163-786 

02 296 

86-948 

91-441 


90-907 

4-094 

1(8-410 

62-200 

86-828 

91*210 

If MU*.. 

91-080 

4 260 

168 644 

62-096 

86'769 j 

01-440 
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Table IT. 


Kean*.. 


Us*. 

I. 

. , 

1 84 9 

1 26 7 

1 24-8 

1 26 6 

1 24 4 

1 86 8 

1 27 4 

1 27 2 

1 27 8 

1 14 6 
i 20 a 

1 28 1 

0 02470 
0-02468 

0 02741 

0 02488 

0 02466 

0 02816 

0 02648 

0 02587 

0 02666 
0-08168 

0 02349 

0 02666 

107 766* 
107-774 

107 740 

107 978 

107 662 

107 -687 

107 786 

107 878 

107 866 
107-968 

108 014 
107-80* 

1 26 6 

0 02616 

107-819 


Taking from Table III the mean values of R'—R, r'—r, we have— 


oostw = 


•in 86-709 
sin 91-449 


= 0-99878. 


Thus *- = 1° 26 6', and we obtain for the values of the quantities, 
which we are seeking in order to determine the nature of the polarised 
light, 

tan v = 0-02520, I = 107819 4 . 

Comparing these values with those formerly obtained which follow 
Table II, we see that the effect of polishing is to cause a small 
alteration of the ratio of the axes and in the inclination of the major 
axis of the ellipse. Thus the ratio of the axes has been changed from 
0*03346 to 0 02520, while the inclination has been changed from 
108 088° to 107-819°, an alteration of about 16'. These results also 
show that the reflected light is exceedingly nearly plane polarised. 

Again, the Tables Ell give for the subsidiary quantity p, 


oos p 


tan 86 769 
tan 91-449 


—0-44808,. 


so that p = 116° 37*. 

The value of p obtained before polishing was— 

P = 111° 14'. 

These values are not the same, but this has so bearing on the 
polishing, inasmuoh as p is a oonstant of the instrument and is inde¬ 
pendent of the orystal. 
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In order to test the truth of the multa we have arrived at, a 
Nmol's prum, the aiimuth of which ooald be read off by a divided 
circle to 8 , wee mounted on the side of the table opposite to that on 
which the elliptic analyser was, in such a position that, when the angle 
of incidence was the same as before, the light was reflected along the 
tube containing the Nicol It was found that the light reflected 
from the snrfaoe could be reduced to a minimum but oould never be 
completely eclipsed The minimum was very small but quite per¬ 
ceptible Thu might be due to the fact that the light was not homo¬ 
geneous But further experiments showed that, even with orange 
and ruby glasses there was a perceptible minimum Next the inci¬ 
dence was increased and diminished in succession by 5°, and the 
same result obtained We, therefore, oonolnde as before, that the 
light was slightly elliptically polarised 

VIII Dueumon of the Determxnahon of the Retardation of the Quarter 
Wave Plate 

We have now to inquire into the discrepancy of the values of />, 
which have been found before and after polishing, vis —/> = 111° 14' 
and f m 116° 37 

Now, oos p is the ratio of the tangents of two angles, one of which 
u very nearly 90° Consequently, a very small error in tins last 
angle will produce a considerable change in tho value of cos/> We 
therefore come to this conclusion, that it is not a good plan to deter¬ 
mine the instrumental oonstant p by reflexion from Iceland spar, 
because the light reflected u so slightly elhptioally polarised To 
determine more accurately the value of p, a steel plate was substi¬ 
tuted for the oiystal At first, white light was used as before, bnt 
the image was found to be strongly coloured The diflerenoe m 
readings for blue and red rays was several degrees After trying a 
apeotrosoope and coloured glasses, a ruby glass was selected a* the 
beat Then the observations recorded in Table V were made 

Table V —Observations with a Steel Plate Mean Temp 17° 0. 
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Table 71 


*• 

tsn v. 

ootp. 

P. 

I. 

ft 39 6 

17 4S O 

17 62 0 

17 67 0 

17 40 6 

17 60 5 

17 62 0 

17 88 6 

0 8184 

O 8106 

0 8223 

0 8239 

0 8206 

0 82 L8 

0 8224 

0 3181 

0 14096 

0 14063 

0 14797 

0 15008 

0 -14814 

0 14708 

0 16805 
0-14999 

8i 86 

81 66 

81 80 

81 22 

HI 29 

81 80 

81 10 

81 22 

47 296° 

46 988 

47 007 

47 182 

47 232 

47 112 

47 424 

47 817 


From Table V we may find with what accuracy we can work with 
the elliptic analyser. 

The greatest difference botweon the mean and a single observation 
is 0‘003, bo that the error of determination of tan w is less than a per¬ 
centage. The mean valuo of I is 47-188°, and the greatest error 0-236° 
or 14'. The mean value of p is 81° 29', and the greatest error is some¬ 
what less than 26'. Let d be the space retardation measured in air 
for wave-length X, then— 

p = 2 rd/\. 

Thus the error in the determination of p expressed in wave-lengths 

M - x*L - x_ 2 l_ - _L. 

“ 360 “ 21600 " 831 

As in the experiments tan w ss 0 3209, this is very nearly the case 
in which the accuracy of the analyser has been determined by Pro¬ 
fessor Stokes. The present results agioe well with bis limits of 
accuracy. 

“ The mean error of single observations amounted to about $°in 
the determination of the aximuth of tho principal axis, about three or 
four thousandths in the ratio of the minor to tho major axis, and a 
little more than a thousandth part of an nndnlation in the determina¬ 
tion of p "• 

We notice that in the mode of expressing p in degrees an error will 
be made more apparent, for the formula p — 2rdj\ shows that the 
space retardation is divided by the small quantity X. Thus, express¬ 
ing the difference 5° between the two sets of observations in wave¬ 
lengths, we find that the error of determination of p is only about 

per cent, of a wave-length. 

• 1 FhiL MsfvoL 8, 1861. 
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The value of p which haa been determined ia for red light, whereas 
the experiment* made on the crystal face were performed with white 
light. It waa not possible to determine p accurately for blno rays, as 
a bine glass absorbed too much light We cannot, therefore, employ 
the value of p as determined by tho steel plate to accurately correct 
the observations made with the crystal. Nevertheless, lot us see what 
the effect of the substitution will be. 


and 


_ sin (r'—r) 
r “ sin (R'-R/ 


COfl p = 


tan (/ r) 
tan (a'-B)‘ 


Since p is supposed known, eliminate the smaller quantity R’ —R, and 
we find 

sin 2«r = ooa (r'—r) Bin p .(A.) 

This formula shows that if there be any change in tho ratio of the 
axes there mnst be a change in the value of r'—r. Looking at the 
Tables I, III, we see there is suoh a change. 

Using the last written formula and the mean values of r'—r from 
Tables I, III, we find that for a natural faoe 


and for the polished faoe 


tan w = 0-02789. 

Thus, even when the value of p for red light as determined by the 
stool plate is used, we find that the numerical results indicate that the 
character of the change produced by polishing remains the same. 

In the case of the natural face, taking 12 observations of r'—r from 
Table I, the greatest deviation from the mean is less than 9', leading 
by formula A to a deviation from the mean of less than 5 per cent. 
In the case of the polished face, the greatest deviation will be, aooord- 
ing to Table HI, about 10 per cent. 

The value of p has been determined for only one colour, and conse¬ 
quently we cannot calculate its value accurately for light of mean wave¬ 
length, so as to be able to compare the value of p obtained from the 
steel plate with the value of p obtained from observations with the 
crystal. Let us, however, examine in a general way what the effect 
of ohange of wave-length on the value of p is. 

Let t be the thickness of the salenite plate, p*, pi, the ordinary and 
extraordinary indices for a line a of the spectrum. 
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Sr 

Then f>. ■ 

Mid for a line y, h *= 

Consequently, Pj = ± 

1 Pm \ Pm~Pm 

Now X decrease* from the lines A to E, and varies by considerably 

over 30 per cent. The variations in the difference p—p' are very 
much less if any analogy holds with Iceland spar and quarts, for 
which the variation is less than 4 per cent.* Both causes tend to in¬ 
crease p as the wave-length diminishes. Thus, somewhere about D 
the retardation is 90°, and will approximate to the value derived from 
Table I for white light, as we approach E. 

This discussion shows us that while the steel plate affords a more 
accurate means of determining p for light of given refrangibility, yet 
p is to a large extent a purely instrumental constant, such that its 
value has no effect on the character of the results, and, when we con¬ 
sider that white light was used in the previous experiments, the valne 
of p determined by Tables I, III, would seem to be confirmed by the 
steel plate observations. We therefore accept the results of Tables I 
—IV as determining the alteration in the polarisation of the reflected 
light. 

IX. Statement of Remits. 

The results of Tables I—IV are bronght together in Table VII for 
the sako of future reference and comparison, so as to exhibit a synop¬ 
tical view of the final result up to this stage of the work. 


Table VTL 



tuv. 

I. 

1st Angle. 

2nd Angle. 

Before polUhmg.. 
After polishing .. 

0 03S46 
<>•08817 

108-068° 

107-819 

1 & h & 

106 8 87 

74 68 86 

74 68 44 

Dilferenoe .... 

-0'00628 

-16' 8" i 

-62 

+ 9 


X. Variation if Surface State of a Polished Crystal with the Time. 

It is a point of importance to determine if the state of the surface 
of a polished crystal is so permanent that it does not alter with the 

• Budbcrg, ‘ Poggendotff, Annslea,’ voL 14, p. 46; Glssebrook, ‘ Phil. Trsns.,’1879- 
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time, lorotfaerwiw the experiment* made would not Have very great 
value unless the time elapsed sinoe polishing were specified. I found 
that preceding experimenters had made investigations on this point 
in regard to a few bodies, and had oome to the conclusion that the 
surface did not alter with the time. Thus Seebeok found snch a re¬ 
sult for some glass experimented upon,* and Sir John Conroy has 
proved that in the case of metallic surfaces the surface state is a 
fairly permanent one, not being destroyed by oontaot with a liquid or 
a considerable amount of rubbing with a chamois leather.! It there¬ 
fore naturally occurred to me to examine this question for Iceland 
spar. 

For this purpose a simple analyser consisting of a Nicol and a 
graduated circle was set up on the side of the table opposite to the 
elliptic analyser, and placed in such a position that the light conld be 
reduced to a minimum. The observations taken are reoordod ia 
Table VIII. 


Table VIIL 


Date. 

Tamp. 

No of 
readingi 

Mean reading 
of lit Tsrnier 

Mean reading 
of 2nd vernier 

Mean of 
verniera. 

Dso. 8-11 

9°60 

40 

til 10' 9 

201 20 6 

ill 15 V 

Jan. 20.. 

8 7 

60 

21 11 78 1 

201 21 6 

111 16-68 


9-8 

60 

a li os 

201 20 8 

111 16 '28 


Thus there is in the period of six weeks no time variation of a 
polished snrfaoe, for the difforenoes between the means are quite 
within the limits of experimental error. Also this rosnlt is confirmed 
by the general character of the observations made with the elliptic 
analyser, which often extended over some weeks, dnnng which no 
change was noticed. 

XI. Variation of Surface State of a Polished Crystal with Change of 
Temperature, 

An attempt was made to secure greater accuracy by altering the 
arrangement of the parts of the elliptic analyser. For this purpose 
the screw fixing the vertical stem was loosened, and the circular rim 
totated through two right angles about the stem as axis The Nicol 
was unscrewed from its collar, and the cell containing the quarter 
wave plate from the disk. The quarter wave plate was now con¬ 
nected with the collar and the Nicol with the dude. In this mode of 


• * Poggendorff, Annalen,’ vol 20. 
t ' Boy. See. Proo,,’ vol «, 1881. 
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arrangement, therefore, the Niool move* in asimnth, carrying tile 
quarter ware plate with it, while the quarter ware plate ha* likewise 
an independent motion in asimnth. 

After taking 700 readings I became convinced that the accuracy of 
this mode of using the analyser was lees than previously. A sub¬ 
sequent investigation of the theory, made by tracing tho surface loons 
of a point whose coordinates represented the intensity of the tnua- 
mitted light, and the aumnths of the Niool and quarter wave plate, 
seemed to confirm this conclusion 

It is well known that in the case of some bodies the application of 
heat considerably influences tho mode in whioh they reflect light. 
Thus, m the case of flint glass, Sir David Brewster produced as great 
an alteration as 9° in the polarising angle by varying the temperature.* 
To test tho alteration in the case of Iceland spar, a small tray filled 
with ioe was placed on the top of the crystal, all the rest of the appa¬ 
ratus being carefully protected, especially the woodwork. I found 
that, leaving the qnarter wave plate and Nicol untouched, no per¬ 
ceptible effect was produced by lowering the tempeiature of the 
crystal 8 s , and also that no differenoe could be detected when observa¬ 
tions were taken. I conclude that in tho case of Iceland spar for 
moderate ranges the effeot of temperature is insensible. 

XII New Series of Observations. 

Since the change in the mode of using the elliptio analyser de¬ 
scribed in the last section had diminished the accuracy of the obser¬ 
vations, it was considered best to revert to the original arrangement 
of the parts of the analyser. The instrument was therefore reversed 
The screw which fixed the stem of the analyser was unloosened, and 
the disk rotated through two right angles about the stem as axij. The 
tube was set to point in the same direction as before by means of the 
diaphragms and screens. The quarter wave plate was unscrewed 
from the collar and the Niool from the disk. The qnarter wave 
plate was now connected with the disk and tho Niool with the collar. 
Thus the arrangement of the parts of the analyser was now exactly 
like that described in Section II. 

Since the quarter wave plate ha* been unscrewed, we must no 
longer expect the values of I to be the same as in Table IV. There 
will be a constant difference between the preceding series of values 
and those which follow, because the arbitrary aero from whioh I is 
measured is now changed. For these reasons it is neoeeaary to take 
a new set of observations to serve as a standard of reference. 

Sir John Conroy has attempted to determine the effect of pnK.Titng 
& crystal of Iceland spar by observing with a simple analyser the 


• ‘ PU1. Tran*.,’ 1816, 
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light of a lamp reflected from the surface immersed in water.* With 
a view to a comparison of my own work with his results, a second 
Argand burner wan pIncod close to tho former. The brass table was 
undamped and rotated till the face of the crystal was in suoli a posi¬ 
tion that the incident light was reflected to the opposite side of the 
table to that on which the elliptic analyser was placed. The refleoted 
light was observed with a simple analyser consisting of a Niool, the 
azimuth of which oonld bo determined by means of a divided circle 
and verniers to 3'. 

The observations made with tho elliptic and simple analysers are 
given in Tables IX and X respectively. 


Table IX.—Second Sorios of Observations with tho same Polished 


Face (Elliptic Analyser) 



Table X.—Second Scries of Observations with tho a 


Face (Simple Analyser). 



Mean of ten 

Kean of ten 


reading* of 

reading* of 


lit vernier 

2 nd vernier 


3 Id 6-0 

lf6 18 'a 


866 67-4 

176 6 1 


865 50-4 

176 8-2 


866 2-9 

176 12 1 


866 69-4 

176 8-6 

Mean .. 

866 0 82 

176 0*76 

Mpap qf 100 ■ 

- 26flf , 6 -8'. 


VOL. XLII. 


• ‘Boy. Soo. Proc.,’ Feb., 1886. 
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Taking tbs mean values of r', r, E', B from Table IX, the elliptio 
analyser gives 


cos 2w 


sin (r'—r) _ sin 93-340 
SbTa'-Ej~ gin 91-380 


= 0-998591, 


w honeo v = 1° 31 2', and we havo for the valaes of the qnautitiqi 
which fully determine the nature of the reflected light 

tan *r = 0 02625, and I = 87-654°. 


Tho previous experiments, the results of which are reoordod in 
Tnblo VII, give 

tan * = 0 02517, and I = 107 819° 

Tho reason of the difference of the values of I is the change of the 
index error. In order to compare the values of I found in a subse¬ 
quent part of the paper with those already obtained, we must there¬ 
fore subtract 20-165°. Tho changes in tan w may bo ascribed to two 
causes—error in resetting the instrument so that it was not exactly in 
its former position, and error of experiment. It should be noted that 
the difference produced by tho reversal of the instrument is not at all 
comparable with the difference produced by polishing. 

In the cose of the readings taken with the simple analyser, the 
mean reading will correspond to tho azimuth of tho major axis of the 
ellipse, determined by the elliptic analyser. Thus from Table X 

I' = 266" 5-3' 


XIII Determination of the Effect of Rotation of the Crystal Fpce in 
iti own Diane. 

It was suggested that the sotting of the crystal was such ns to 
allow a rotation of tho face in its own plane, which might possibly bo 
tho cuuse of tho differences hitherto observed. A wedge of 4° 27' 
anglo was constructed, and upon this the crystal was placed. So 
delicate was the mode of setting by screens that, even with the labour 
of hours, I was unable to tom the crystal into such a position that 
the reflected ray emergod through the pinholes. I therefore took a 
thin sheet of paper and gently wore its surface away so as to obtain 
a fine wedge which was drawn under a comer of the crystal. By this 
means the reflected ray with some trouble was rendered visible. The 
observations aro divided in the following table into sets of two or 
three. Each set was taken after the crystal had been taken off the 
wedge and replaced upon it in position by means of the screens. By 
this moans the accuracy of Betting can be judged. 
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Table XI.—Observations with Polished Face 
r'. Mean r'. r. Mean r. K' Mean B'. B Mean B. 
187-120° 43 •050° 133 041° 41621° 

137-404 42-727 133 269 41-310 

187-867 43080 133-421 41 636 

137-207° 42-052° 133 214° 41 492° 

t 137-807 43 101 133 331 41 566 

187-076 42-875 183-267 41 332 

137-242 43 062 133 135 41 471 

187-808 48-014 133 244 41-464 

137 031 43-289 133 121 41 017 

137 401 43 097 133-656 41 715 

137 836 43 009 133 465 11 479 

137-266 43 132 133*377 41-013 

187-166 42-890 138-035 41-366 

187-882 42-984 133 000 41-231 

137 268 42 937 138 017 41-298 

137-846 43 910 133-441 41-621 

137 -266 43 -001 133 299 41 812 

137426 42-921 133319 41462 

137 -342 43 017 183 853 41 628 

187-106 43 400 133-486 41-869 

137 047 43 257 133-474 41 010 

136 869 43 147 138 338 42 054 

137-014 43106 133*525 42127 

137 080 43-347 133 602 41 712 

187165 43 124 133 250 41 549 

137 264 43-056 133-381 41 886 

137 078 43-214 133-430 41-872 

187-067 42 809 133*612 42 048 

136-954 42 038 188 489 41 665 

137 020 42-821 133 366 41 83 4 

186 -002 42 -977 133 -410 41 607 

* 187 064 43 104 133 228 41 681 

136-730 42-869 133 124 41 704 

187 046 42-781 133-266 41 424 

137 179 42 895 133 -216 41 719 

137 006 43 076 133-217 41-636 

137 078 42 912 133 826 41*712 

The mean of the 960 observation* of Table XI gives— 

r'— 137-168°, r= 43-031% 

R' = 133-321°, R = 41 656°. 

Thus I = 87 488°. 

But Table IX gives for tho mean value of I— 

I = 87 054°, 

a difference from the above of O-KKJ 
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Table VII shows us that the effect of polishing is to decrease I from 
108*068° to 107*819°, a diminution of 0*269°. Since then a rotation of 
4 ° 27'prodnces an increase of 0*166; to produce an effect equal to that 
of polishing by rotation, the crystal face would have to be rotated in 
its own plane 8°. No such error of setting was possible. 

Again, 

r'—r = 94137°, and R'-R = 91*665“. 


Tho last reading is of an altogether different magnitude to what 
has hitherto occurred. 

A template was constructed and used in future observations to test 
the accuracy of setting. It was found that the setting by the screens 
was alwayB correct on afterwards being examined by the template, 
and when it was out of adjustment by the screens the template did 
not fit. These three grounds seem to be more than sufficient for the 
rejection of the hypothesis of a rotation of the crystal face in its own 
plane. 

It may be of some interest to calculate the value of the change in 
the ratio of the axes produced by a rotation of 4° 27'. We therefore 
calculate it— 


Thus 


cos 2w 


sin 94137 
sin 91 665’ 


whenoe w = 1° 63 6', 

and tan w as 0 03305. 


The value bofore rotation was 


tau w = 0 02655. 


XIV. Determination of the Effect of Rcpolishing the tame Faoe if the 
Crystal. Investigation of the Errors of Means of a Series of Obser¬ 
vations with an EUiptio or Simple Analyser. Comparison of the 
Relative Accuracy of the Elliptic and Simple Analysers. 

Much of the value of the observations on polishing must depend 
on the fact whether the crystal can be polished in the same manner, 
that is, polished and repolished so as to obtain the same results. The 
crystal was, therefore, submitted to the same prooess of polishing as 
has been described already in Section YI. The observations with the 
same face thus repoliahed are recorded in Table XII. 
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Table XII —Observations with a Bepohahed Face (Elliptic Analyser) 

Mean Kean Mean Mean Kean 

•'r'rrBBBB 1 

jf 0 i 136 586° 43 266° 138 879° 42 036° 

1% 846 43 276 138 266 41 680 

136 654 43 177 153 662 42 061 

136 791 43 090 133 478 41 9L6 

136 884 43 146 188 372 41 941 

186 619 43 370 183 678 41 77J 

136 466 43 326 133 180 42 Ool 

136 007 43 58o 133 476 41 87o 

136 941 43 2J1 133 263 41 J79 

136 872 43 49T 133 626 42 217 

188 846 43 214 133 55J 41 B"8 

136 841 43 267 138 486 41 277 

136 737° 43 289° 133 501“ 41 961 87 72b* 

Bo 2 187 080 43 196 183 362 41 699 

136 706 43 805 133 223 42 Ool 

136 866 4S 611 133 46b 42 335 

136 770 43 227 133 369 41 832 

136 731 43 064 133 510 41 794 

186 976 43 267 183 633 41 892 

186 819 43 12f 133 277 41 949 

136 796 43 176 133 049 41 854 

130 880 43 290 133 402 41 836 

18b 694 43 338 133 642 42 03b 

136 621 48 577 133 401 42 165 

186 604 48 670 183 221 41 989 

136 787 43 311 133 881 41 952 87 086 

No 3 136 689 43 662 133 311 42 361 

136 722 43 899 183 780 42 044 

1» 706 42 967 133 637 42 106 

136 657 48 402 133 467 42 166 

136 722 48 121 133 675 42 306 

186 586 43 446 133 536 41 867 

186 850 43 300 183 269 41 937 

187 091 43 435 133 326 41 719 

186 740 43 329 133 486 42 062 

186 824 43 234 133 410 42 064 

136 774 43 806 133 487 41 972 

186 672 43 416 188 327 41 876 

138 744 43 326 133 461 42 039 87 760 

No 4. 186 772 48 640 183 290 41 894 

186 929 48 174 183 642 41 936 

186 782 43 289 188 414 41 987 

186 646 48 667 133 665 41 900 

fori 

1280 read 186 758 43 820 138 440 41 976 87 711 

mg. J 
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The observations in Table XII made with the\®Hiptio analyser are 
divided into sot* of 12, for our object is not only tP determine what is 
the chango produced by repolishing, but also to discover the error of 
a mean of 12 sets of observations with a view to filing the accuracy 
of working with the elliptic analyser, and also tho errors of tlio 
means of the sets of observations recorded in Table! I—IV. For 
convenience of comparison tho moans are exhibited together in 
Table XIII ' • ' 


Table XIII.—The Means of Observations with a Bepolished Face 
(Elliptic Analyser) 


No. X.. 
No. a.. 
No 3.. 

Mean.. 

r'-r. 

R'-R 

irn (r'-r) 

da (R'-R) 

eo« 2«r. 

- 

tanw. 

03 448 
03 47C 
93 418 

91 660 
91 -420 
91'432 

91 407 

0 998190 
0-998160 

0 998321 

0 999034 

0 999689 
0-999692 

0 998665 
0 998471 
0-998629 

f 32 41 

1 36 07 

1 33 25 

0 02689 
0 02768 
0-02713 

93 417 

0 998190 

0-999072 

0 998618 

1 38-67 

0 02728 


Wo now proceed to consider the accuracy of the sets of obser¬ 
vations with the elliptic analyser Table XIII b1iowb that tho 
greatest deviation of a single set of 12 observations from tho moan 
is less than 1*6 per cent, for tho ratio of the axes. The best set 
differs from tho mean by nndor \ per cent Again, Table XII shows 
that the groatest deviation from the mean for I is 0‘04C° or under 8', 
whereas the least deviation from the moan is nnder 1'. Wo take, 
then, tho upper limits as the errors of observations. Let us now 
consider the effect produced by rcpolishing. Before ropolishing, tho 
calculation following Tablo IX shows that— 

tan w = 0 02655 

After repolishing, Table XIII shows that— 
tan w = 0 02723. 

Tho difference between the two values of tanw is 2} percent., 
which may bo covered by the limits of errors of observstion. 

Again, before repoliahing— 

I = 87-654.° 

After repolishing, Tablo XII shows that— 

I = 87-712*. 

There is thna a difference of 0 058° or 3-48', which is covered by the 
limits of errors of observation. 
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Again, Table VII shows that tho effect of the first polishing was to 
diminuh I from 108 088* to 107 810°, a diminution of 0 269*, bat the 
effect of the second polishing has been to increase I from 87 654° to 
87 712®, an in rcase of 0 058° Thus the offect of the polishings has 
not been cumulative so as to canse the original deviation of polishing 
to increase still fuithoi on second polishing On tho contrary, I has 
approached by a small quantity the valao it would have for a natural 
face Tho mfeionce may be diawn that tho first jmlishing produced 
all the offoct that polishing can bung about, and that tho seoond 
polishing differs from the first by a quantity which theie is some 
ground for regarding as an error of experiment But if tins is so, it 
may be thought that the values of tan w the second independent test 
of a chango in tho roflccted light should also alter m tho samo manner 
tnd sense as those of 1 have d ino 

Now 1 able VII shows that tho effoct of polishing is to diminish 
tan w fiom 0 01115 to 0 02517 a diminntion of 0 00828 Table XIII 
and tho calculation following 1 able IX show that tho effect of re 
oolishing is to cause tan w t> increase from 0 02655 to 0 02723 an 
inciea* of 0 00008 lhus tan *r changes sympathetically with I 

In Tabic XIV aro contained the rt suits of tho observations made 
with the simple analyser, and we have first to investigate tho limits 
of accuracy Iu n-gard to single observations tliLre can be no doubt 
of the comctness of Sir John Conroy s observation that in order 
to obtain accurate results with obsu vatious of this kind, it is neces 
sary to make a largo number of obsoi rations, and to take thou mean * 
Thus in Table XIV the means of tens of readings aro recoidod, and 
for pui poses of comparison the means of fifties are tabnhitod 

Tablo XIV —Observations with a Bepolisbed Face (Simple 
Analyser) 

Moan a Unni 

often 

reading* Moan* rinding* Mean* Mean* 

of Lit of 60 of 2nl of 60 of 100 

vernier vernier 

No 1 365 62 2 176“ 1 i 

366 60 l 176 69 1 

365 67 7 176 6 6 

866 40 9 176 69 3 

865 61 0 176 0 7 

866*62 8 176* 1 2 266*66 8 

855 69 5 17b 0 1 

866 68 6 17b 1 6 

865 68 8 176 7 8 

366 61 9 178 4 6 

868 60 6 176 69 6 

866 66 8 176 2 9 266 69 A 

• Boy Soc Proc Fib, 1886 
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No. x. 


No. 4., 


No. 6. 


Table XIV— continued. 

Mroiu Meant 

of ten of ton 

readings Means readings 
of 1st of 60 of 2nd 

176° 68 6' 

178 6 0 


366° 49 6' 
356 66 8 
356 46 0 
855 51 -7 
366 51 '6 


176 54 9 
176 0-1 
176 0-6 
l 

176 8 3 
176 0 5 
176 58-7 
176 69 -4 
176 65-8 

176 0-3 
176 4-4 
176 0-8 
178 10-8 
170 4 0 


Meant 
of 60. 


176° 0 -Of 


175 59-6 


178 4-06 
Mean of 600 


rfioo! 


see” 65 -5 


266 66 0 


266 69-5 
263 67 28 


366* 51 -1 
356 53-6 

355 61-7 
865 49 7 

356 50-6 
365 46-0 

356 50-5 

356 60 8 
355 64 9 
365 51 8 
360 2-4 
355 54 5 

353 64 9 


The results in Table XTV show a greatest error of 2 32' from the 
moan for a 100 readings, and of about 4' for 10. Before polishing 
the value of I as given by Table X is— 

1' = 206° 5-3'. 

After polishing, Tablo XIV gives— 

I' = 265® 57-28'. 


Thore is thus a difference of 8'. This is covered by tho larger 
limit above, but not by the lower. This is not surprising when tho 
errors and fluctuations of single observations are taken into account, 
and also the number of observations. 

The parallelism of the polished and repolisbed faces was tested by 
means of the lines drawn round the sides. As these lines gave no 
perceptible inclination, it did not seem worth while to measure the 
angles with a spectrometer, since the differences caused by repolishing 
are so small. 

Thus, we come to the conclusion that the repolishing produced 
little, if any, alteration in the nature of the reflected light, and that 
this alteration is very small compared with the change produced by 
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polishing a natural face. Also, this inference is supported by two 
date as regards the elliptic analyser, and by the results obtained with 
the simple analyser. 

Sir John Conroy* has come to a different conclusion. u It did not 
seem worth while to make any further experiments with artificial 
surfaces, as it seemed certain the results would be untrustworthy.” 

Conroy’s experiments wore made with the surface immersed in 
water to secure a greater rotation. I am not sure that the greater 
rotation would compensate for the loss of light whioh mnst ensue 
when reflexion takes place at the surface of two media of nearly the 
same density and refraotive index. 

Another cause of error has been indicated by Conroy. There was 
some uncertainty whether the face was polished parallel to itself. 
Though it would «ot altogether account for the largo changes 
observed by Conroy, yet I found m the oase of a crystal, with whioh I 
performed a first set of experiments for two months, that a percep¬ 
tible alteration of the inclination of the face was sufficient to redneo 
the olliptioally polarised light to plane polarised. Thus as regards 
my own experiments suoli a change of inclination would have been 
quite fatal, and I abandoned the crystal. 

Thero is another point whioh is worthy of attention An extremo 
ill-luck seems to have befallen those who have had their crystals 
polished by others. Thus Seebeckf found that in the case of a glass 
polished by an artist thero was a difference of 28 5', but that he 
himself could polish it so that the difference was only 2‘9'. I think 
most likely this may be the probable cause of the large alterations 
observed by Sir J. Conroy 

XV Experiments with a Cleavage Face parallel to the liepoliehed Face. 

To make the whole series of experiments as conclusive as possible, I 
now attempted to make a senes of experiments with a natural face as 
at the beginning of the paper. Unfortunatoly the crystal did not 
cleave very readily. In splitting the base of the crystal came into two 
or three pieoes, whioh were fixed on to it again as accurately as 
possible in their former position. As the sides of the crystal also came 
off, the inclination of the faoe to the repolished face could not be deter. • 
mined. There was some doubt as to whether the faoe of the crystal 
was in the same absolute position. The surface was not very good, 
being somewhat broken, and as the reflexion took pl&oe from a part 
of the crystal nearer an edge, it had to be placed so much on one aide 
of the brass table that tho template could not be used. Then the 
observations recorded in Table XV were taken, 

• «Boy. 800. Proo.,’ Pel*., 1866. 
f * Poggmdorff, Annalco,’ voL 80 
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Table XV —Second Senes of Observations with a Natural Faoe 



r 

- 

S' 

B 


187 oao° 

186 936 

187 10S 

136 819 

137 046 

136 881 

136 940 

187 210 

136 900 

186 781 

136 961 

137 082 

48 689° 

48 804 

43 015 

43 033 

42 496 

42 74* 

42 990 

42 674 

42 971 

42 767 

42 791 

43 030 

131 210° 

133 974 

133 888 

183 994 

131 308 

134 825 

133 781 

181 091 

183 98L 

134 817 

131 337 

131 28 If 

48 688° 

48 539 

42 404 

43 581 

48 510 

42 658 

48 Go4 

43 550 

42 710 

48 630 

42 036 

48 511 

Meant . 

186 974 

42 825 

134 138 

42 (94 


Thus we find that I = 88 358°, 


We have now to oomp&re these results with those recorded in 
Table VII, taken some fifteen months previously Originally we 
had- 

tan w = 0 03345 
whereas the present value is— 


The agreement is veiy close, and, as might be expected from a com 
paruon of Table VII with the results of Table IX, the latter number 
is somewhat larger than the former on aooonnt of the resetting of the 
instrument Again, the first senes of observations show that the 
effect of polishing was according to Table VII to ohange I from 
108 088" to 107 819°, a decrease of 0 269°, whereas the sooond senes of 
experiments show that the result of repolishing has been according to 
Tables XU and XV to ohange I from 88 358° to 87 712°, a decrease of 
0 646° Thu result u correct as regards sense, but not so satisfactory 
as regards magnitude It must, however, be remembered that the 
breaking up of the base of the crystal would most probably have an 
mfluenoe on the value of I, 

We are now m a position to sum np the results of thu investiga¬ 
tion The prooess jot polishing a natural faoe of a crystal of Iceland 
■par with emery and rouge does most certainly alter the state of the 
■*&oe Thu alteration u evinced by a change both in the ratio of 
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(be axes and in the asimnth of the major ana of the elliptio illy 
polarised light, and was observed ih the case of two different crystals 
which were made the subject o£ experiment. 

Since the light reflected from the surface of the crystal is exceedingly 
nearly plane polarised, the absolute value of the chango in the ratio of 
the axes is small; but the relativo change is considerable, for tan w is 
altered by polishing from 0 0334 to 0'02o2. Aluo the change in the 
asixnuth of the major axis is not very large. 

As regards the disturbing causes, it is found that temperature and 
time do not cause any very perceptible alterations in the snrfaoe state 
of a polished crystal 

The experiments pjove a result unnotiood by Soebeck, that an 
emery-rouge polished surface gives perfectly concordant results on 
repohsbing, and m this respect is quite as satisfactory as the chalk- 
polished surface recommended by hi m. This conclusion is supported 
both by the elliptio and simple analysers. And in general the results 
of the paper tend to confirm the views of Seebeok rather than those 
of Sir J. Conroy, for Seebock in his paper prefers polished surfaces 
because of the liability of the natural surface to tarnish. 

In conclusion, my beat thanks are duo to Mr. Glazebrook for his 
advice, and to Professor J. J. Thomson for placing at my disposal a 
room and apparatus in tlie Cavendish Laboratory. 


'* Further Experiments on the Distribution of Micro-organisms 
in Air (by Hesse’s Method).” By Percy F. Frankland, 
Ph.D., B.Sc., F.C.S., and T. G. Hart, A.R.S.M. Communi¬ 
cated by Prof. Frank land, D.C.L., F.R.S. Received 
November 22,—Read December 9, 1886. 

[Plats 3 J 

In a previous communication entitled “ The Distribution of Micro¬ 
organisms in Air," a number of experiments have been recorded by 
one of us on the relative abundance of microbes in the air of various 
places and of the same place at different times. The numerical 
determination of the aerial micro-organisms in these experiments was 
made by means of Hesse’s apparatus, the method of using which was 
there fully described. Since the publication of the above experiments 
we have been extending oar investigations by means of this method, 
and the results which we have obtained form the subject of the a 
present communication. 

In addition to the determination of the number of micro-organisms 
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in a given volume of air by meuu of Hesse's process, we have also, at 
before, determined in each case the number of microbes falling on a 
given horisontal area in nnit of time, by the exposure of small dishes 
containing sterile nutrient gelatine, as previously described. 

During the hot weather we have experienced considerable difficulty 
in working with Hesse’s tubes, whioh are very liable to melt in 
transport and when exposed to the sun; to obviate this we have made 
a practice on hot days of surrounding the outer surface of the tube 
with a coating of bibulous paper saturated with water, and this 
envelope was again covered with a coating of white tissue paper to 
prevent the former drying too rapidly. Owing to this preoantion 
we have scarcely ever lost a tube even on the warmest days. 

The greater number of our observations have been made on the 
roof of the Science Schools, South Kensington, whioh thus form a 
continuation of those already recorded. We have also made further 
experiments in Hyde Park, the Brompton Hospital for Consumption, t 
the Natural History Museum, and in the garden of the latter 
closely adjoining the traffic in the Exhibition Hoad, South Ken¬ 
sington. 


I. Roof of Science Schoolt, South Keniington. 

The samples of air were here oolleoted at a height of about 60 feet 
above the ground in the manner previously described. The 
particulars of the experiments are reoorded in the following table 
(Table 1). 

These experiments, taken together with those already published, 
form a continuous series, excepting a few breaks, from January to the 
end of October of the present year, and serve to illustrate the changes 
which take place in the prevalence of aerial micro-organisms accord¬ 
ing to the seasons. 

In order to render these results more readily intelligible, we have 
also expressed them by means of a curve in the accompanying 
diagram (Plate 8), in which the ordinates represent the number of 
micro-organisms found in 10 litres of air, whilst on the horisontal axis 
the dates are marked off. Below, on the same diagram, the tempera¬ 
ture of the air at the time of experiment is recorded. 

Prom this diagram it will be Been that, although the number of 
micro-organisms in the air frequently undergoes great changes from 
one day to another, yot the general tendency is for the number to 
follow the temperature. Thus, on taking the average of the results 
obtained in each month, the following sequence is arrived at:— 
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Aveng* lumber 
of oo lorn 6* 


1888. 

Average temperature 
at time of 
experiment). 

obtained from 10 litre) 
of air by 
ITeaae'* method. 

January.... 

. 3-5° C. .. 

4 

March. 

. 69 

26 

May. 

. 134 

31 

June. 

. 202 

54 

July. 

. 236 

63 

August.... 


... 105 

September . 

. 12-9 

43 

October.... 

. 125 

35 


From tbe above it will be seen that it is during the hottest 
months of the year—July and August—that the largest number of 
micro-organisms is present in the air. In September the number 
underwent a great redaction, which Was further continued in 
October. 


II. Experiments in Interior of Buildings. 

In Table No. II we have recorded a number of experiments which 
wc haye made in the interior of buildings, vis., in the Hospital for 
Consumption, Brompton, in Burlington House, in tho Natural 
History Mnscum, in the Chemical Laboratory of tho Soience Schools, 
South Kensington, as well as in a barn and cowhouse in the 
country. 

The results of the above experiments fully substantiate the previous 
observations made by one of us, that in the interior of buildings, Ac., 
the number of organisms present in the air is almost wholly 
dependent upon whether the latter is in a disturbed state or not, and 
that when undisturbed the number is generally considerably less 
than in the open air, whilst in crowded rooms the number rises 
enormously. Thus in the Hospital for Consumption, when only a 
few persona were moving about the ward, the air was remarkably 
free from microbes, the number increasing somewhat when tHe 
number of people in the room inoreaaod, but even then the number 
fell very far short of that in the crowded rooms of the Royal Society 
during the oonversaaione, or in the Natural History Museum on Whit 
Monday, whilst the greatest number which we have ever recorded 
was found in a barn in which the operation of thrashing was going 
on, the number of micro-organisms falling on tho square foot in 
one minute amounting there to upwards of 8000. 

III. Miscellaneous Open-Air Experiments. 

In Table HI we have recorded the results of some experiments 
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made in the open air at other places than the roof of the Soienee 
Schools. This table includes, in the first place,' a comparison between 
the number of micro-organisms present in the air of Hyde Park, the 
roof of the Science Schools, and tho entrance to the latter in the 
Exhibition Road respectively, the experiments in these three plaoes 
being all made on the sarao day It will be seen that tho air in Hydo 
Park contained markedly loss than either of the other two, and that 
the air in the Exhibition Road in which a large amount of traffic was 
going on at tho time was considerably richer m micro-organisms than 
the air on the roof. 

Then follow several experiments mado in tho garden of tho 
Natural History Museum in the immediate vicinity of the Exhibition 
Road. In every case, excepting one, this air was exceedingly rich in 
micro-organisms, as was to be anticipated; whilst on tho occasion 
when the number of organisms was small, tho wind, which was vfiry 
gentlo, was not blowing from the road but ovor tho grass of the 
garden which was damp at the time 

The above experiments aro intended to form a supplement to those 
alrca ly published by one of us, iu which the same method of investiga¬ 
tion was pursued. In tho course of these experiments we have found 
that the results obtained with Hcsbo’s apparatus are liable to 
considerable inaccuracy when the latter is employed in a disturbed 
ntmoBphere, more especially when the aerial currents are irregular in 
direction. This source of error Las been fully discussed in another 
paper by one of ur, and a new method of examining air for micro¬ 
organisms, in which this difficulty is overcomo, has been devised and 
its ocjuracy carefully tested. 

[Note .—Since the communication of the abovo, we have completed 
the observations for November and December, with the following 
result* 

Average number 
of rolonio* 

Avenge temperature obtained from 10 litres 
• at time of of air bv 

1886. experiment!. Heston method. 

November. 9'4’ C. ...... 13 

December. 44 . 20 


Maroh 5,1887.] 







T&ble I —Roof of Science Schools South ZenBington Museum 


On the Distribution of Micro-organitme tn A tr 


271 


li'lll 

I|s|k 

3 

S3 

54 

3 

S3 

J> umber of 
colon e# from 

10 litre# of air 
(calculated) 

8 

s 

s 

5 

a 

> umber of 
colime# 
obtained from 
given volume 
of air 

a 

2 

1 

a 

a 

a 

& 

a 

3 

l 

l * 

*8 

I 

1 

cS 

if 

li 

lS a 

111 
li S 

m 

fc a 8 
JS*3 8 

"Si* 

ill 

£ 

\i 

© 4» 

^ 1 

H 

?ls 

’li 

fi! 

pi 

all 

2“ 

11 

“i 

11 

Ilo 

fll 

I!- 

*J 1 

si! 

J 4t 

•if 

! 

S,- 3 

*1 

jj, 

ii 

i? 

ill 

|3I 

i 

1° 

!| 

■2 3 

ii 

n 

© 

^■3 
pc a 

l 1 


X 

>1 




1 

2.5 

IS 

2 x 

S & 

1: 

S! 

i 



II 

II 

II 




tablet 






Table l—continued 


On the Dutribution of Mioro-organxrmt in Air. 


?ll 

W 

1 honxonUl 
iquare foot 
per mrnuto 

§ 

9 

8 

I 

§ 

ii 

So 

•sj 







n 

ll 

3 


S 

© 

3 

3 

•3 

Ji 

1 


1 


| 

3 


obtained 
grren to] 
of air 

9 




9 

9 

a 


3 

a 

E 

3 



| 

CJ 

1| 

1! 

li 

3 

1 



| 

$ 

li 

i 

a 



I 

1* 


ii 

& 

si 

si 

£ 

1 

- 

! 

] 


ll 

u 

1 

1 

i 

i 


OQ 

s. 

II 

0 . 

1 

ll 

r 

1 

r 

<s 


s. 

» 

l 

i 

1 

1 

Es* 

A ]! 

lli 

li 

its 

i 

fco 

la 

► 

JS- 

«°-» 

la 




► 

|S 

Is 

is 








X 

i 

1 

3 

X 

35 

3! 

i: 


] 

I 

II 


II 

II 

li 


I 




Table I—continued 


274 


Dj. P. F. Frankland and Mr. T. G. Hait 




Table I— continued 
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Table II.—Interior of Boil dings. 
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Table I—(Appendix Added March 5, 1887.) 
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April 21,1887 

Professor STOKES, DCL, President, in tho Chair 

The Presents received were laid on the table, and thanks ordered 
(or them 

The following Papers were read — 

I “ On Phosphonmm Chloride ” By Sidney Skinner, B A , 
Scholar of Christ’s College, Cambridge Communicated by 
Professor Dewar, FRS Received Maich 28, 1887 

At the close of an interesting paper m the ' Annales do Chimie,* 
vol 20, 1880, Ogier describes the preparation of tho compound 
phoephoninm ohlonde When the two gases phosphine and hydro¬ 
chloric acid are mixed at 14° C under atmospheric pi essure they do 
not combine, bat when the pressure is raised to 20 atmospheres 
small crystals of the compound PH i Cl form at the upper end of the 
tube At 26° C these crystals melt and tho liquid foi mcd was shown 
by some later experiments of van t Hoff (‘ Deutsch Chera Gesell 
Ber Jalirg 18, p 2088) to roach the critical atyto about 50“ This 
was the extent of our knowledgo when the following oxpenmonts 
Were begun with a view to examme more exactly this dissociable 
process, (1) in regard to its relations to temperature volume, and 
pressure, and to those of tho separate gases PH, and HC1 (2) in 
regard to the thermal changes involved in tho formation of the 
compound 

This paper deals with the first part of the research only, bat owing 
to the interesting results which it contains there can be little 
hesitation in putting it forth 

Experiment* on Phoephoninm Chloride. 

Phosphine was pi spared by dropping strong potash solution on a 
mixture of broken glass and phosphonium iodide After leaving the 
flask in which this operation was conducted the gas passed through a 
tube containing moist broken glass kept at the temperature of 
melting ice, and then through a drying tube of CaCJ, and P g 0, The 
gas was oollocted in tabes over mercury The hydiochlono acid gas 
wss prepared from strong sulphuric acid and ammonium chloride 
To obtain a mixture of equal volumos of these two gases, a pipette 
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was constructed so that it could be filled to a oertain mark undo* 
atmoapherio pressure and at the temperature of the room. This 
being filled alternately with PH 8 and HC1, was discharged into a large 
glass tube. In this way I prepared a mixture of equal volumes of the 
two gases. Part of this was delivered into a Cailletet tube which was 
set up in one of the iron bottles of a Cailletet pump; in the other 
bottle was placed a well tested air gauge. 

The temperature of the tube was maintained constant by a vapour 
jacket of acetone, and altered by varying the pressure under which the 
liquid boiled. 

Observations were then taken for isothermals. The following, as 
useful for the present purpose, are extracted from those readings; the 
wholo mass of the gas used being 18 0 o.o. at 0° and 760 mm. 


Temp. 

Saturated toI. 

Frauure 

7° .... 
13 .... 

... 0’84 c.c. 

... 11*6 atmospheres. 

... 19-8 

18 .... 

... 0-64 „ _ 

... 27-3 

21 . 

... 0-47 „ . .. 

... 33-6 „ 

24 . 

... 0-37 .. 

... 391 „ 

28-5.... 

... 0 275,. 

.... 47 2 

45 . 

... 0-102 „ .... 

... 85-3 


The critical point of tho liquid was observed at 48“ C. and under 
95 atmospheres. 

Tho tomporatnre at which the crystals are formed under one 
atmosphere pressing is givon as —30° by Ogier. 

The formation of these crystals is ovidently a dissociable one, for 
when the pressure is removed they decompose into equal volumes of 
tho separato gases The question whether any chemical combination 
takes place beforo tho appearance of crystals is one we shall discuss 
when considering tho saturated volume curvo of PH 4 Cl in comparison 
with those of its constituents. 

Experiment/ on Phosphine. 

This gas, prepared and dried as before, was passed for some hours 
through a Cailletet tube from which the air had previously been 
displaced with oarbonic acid gas. After careful sealing the tube was 
placed in the iron bottle, and liquid was readily obtained at tho 
ordinary temperature undor a pressure of about 30 atmospheres. 

The critical state was reached with this liquid at 54* and 70'5 
atmosphores pressures ; bo that it is easily observed when the tnbe is 
heated with acetone vapour. It is interesting to compare this critical 
point with that of the nitrogen analogue, ammonia, which does not 
reach the critical state till 130° and 115 atmospheres pressure. This 
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ia an unexpected result, u the substitution of a less volatile element 
has the effect of raising the critical temperature: thus for CO, 
critical temperature is 81‘9* and for CS, 278°. 

1 have also notdoed the formation of a crystalline hydrate of 
ph osph i ne when the gas is liquefied in the presence of water. The 
liquid gaa floats on the surface of the water like benzene, and ia 
apparently only slightly soluble. By suddenly increasing and 
decreasing the pressure the two liquids are mixed together, and after 
a short time a mass of crystals is formed. 

The following table gives the results of measurements of the 
saturated volume, maximum pressure, and liquid volume at different 
temperatures. 


Temperature. 

Saturated 

Maximum 

Liquid volume. 

Deniity of 
the liquid. 

tie 

0 . 0 . 

atmosphere#. 

0 . 0 . 

0 100 

0-402 

40 -4 

0-862 

62-4 

0-154 

0-417 

44 4 

0-468 

66-1 

0137 

0 469 

89-4 

0-658 

50-8 

0128 

0-602 

39-4 

0-744 

41-8 

0120 

0-686 

84-6 

0-851 

871 

0 118 

0-646 

18-4 


82-6 

0 116 

0-669 

8-4 


27-2 

0 108 

0-606 

8-4 


23-4 

0104 

0-618 


The numbers in the column beaded density are calculated by 
dividing tho whole mass in grams of the gas by the volume of the 
liquid iu cubic centimetres. Tho mass of the gaa was 0-06435 gram. 

The physical constants for hydrochlorio acid gas used in the 
diagrams are calculated from Ansdell’s paper (‘Boy. Soc. Proo.,’ 
vol. 30,1880). The mass of tho gas* he used was 0-08581 gram; and 
therefore the proper reduction haa boon made so that tho volumes in 
the diagram may be those occupied by the molecular mass of hydro¬ 
chlorio acid in milligrams. 

In the firsMiagram I have plotted for comparison the maximum 
pressure of the vapours at different temperatures both above and 
below aero. In the case of P11*01 the curve is drawn from my own 
observations from tho critical point to 7°; that point is joined by a 
dotted curve to the point corresponding to 1 atmosphore at —30°, at 
which temperature Ogier states that the crystals are formed under 
atmospheric pressure. The curvo for HC1 below zero is from numbers 
given by Faraday (‘ Phil. Trans.,’ 1846). The curve for PH, is from 
* Found by calculation from Anadell'i data. 
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Fio 1 


my own observations, and would ran alongside of that for HC1 if 
continued below sero The boiling point of PH, u given by 
Olssewski as —85° 

At first sight it is evident that the form of the carve for PH^Cl u 
not a normal one for if it were it would lie in the same direction as 
the other two At all temperatures the pressure is mach lower than 
that corresponding to a mixture of the two gases PH, and HCl, so 
that it is evident forces of chemical attraction are acting From 
—30* to 10* the ourve runs normally, so it appeaWtfchat the gas 
probably consists wholly, from reasons we shall presently point out, of 
PH, and HOI moleonles Above 10* these two gases combine and the 
pressure necessary to deposit the cry stale very rapidly increases If 
the temperature be maintained constant the whole of the mixture is 
converted to the crystals of the oomponnd under'constant pressure by 
reducing the volume, just as a saturated vapour is converted into a 
liquid under similar conditions 

At the temperature at whioh the crystals melt there should be an 
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Alteration in the direction of the curve, if the phenomenon oi foaion 
is analogous in this case to that of melting ioa. However, such an 
alteration can scarcely be seen in the diagram, bnt would doubtless 
be made apparent by very careful observations. 

tio 2 


In the second diagram I have plotted curves representing the 
saturated volumes at different temperatures. To make them com* 
parable it is necessary to take definite masses of the gases. I have 
therefore plotted the volumes corresponding to 70 & mgras. PHfl, 
84 mgras. PHg, and 86 5 mgras. HC1. It will be observed that 
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about 10° the saturated volume of the mixture oorreeponda to the rom 
of that of its components, whilst about their critical points the volumes 
are approximately equal. This shows that at 10* we are dealing with 
a mixture of the two gases, whilst near the critical point the mixture 
has combined and the deposition of liquid takes place from gaseous 
PH*01. 

The volumes whioh the liquids oooupy near their critical points are 
very nearly equal. This may be shown to be the case in another 
way. It has been proved from van der Waal s’ formula that the 
result of dividing the critical temperature in absolute degrees by the 
critical pressure gives a number proportional to the greatest volume a 
liquid can ooonpy (Dewar, ‘ PhiL Mag.,’ vol. 18, 1884). Now in our 
case we have— 


T.°0. 

P. 

T, aba. 

P, 


at mot. 


48° 

96 

8 6 

64 

70-6 

4 6 

68 

88 

8-7 


If then 4-6 volumes of liquid phosphine near the critical tem¬ 
perature wore brought in contact with 3 7 volumes of liquid HOI 
about the same temperature, combination would take place with 
con den sation of vo'lume to nearly one half. Thit it a cate of combina¬ 
tion of liquids obeying a law very similar to Qay-Lutsao’s law for the 
combination of gases under ordinary conditions of temperature and 
pressure. A symbolic representation of this combination would be* 

PH* + HC1 = PH 4 01. 

1 vol. liqnid + 1 vol. liquid = 1 vol. liquid. 

A close analogy evidently exists between the law of combination by 
volume of these liquids near their critical temperatures and Guy- 
Lnssao's law; whether other cases of such a law of combination will 
be found is a question whioh cannot yet be answered. 

Nevertheless tbe results in this paper appear to me to give answers 
to these two questions which Ogier states in his essay:—-(1) Ce 
liquids est-il la oombinaison mdme on nn simple melange des gas 
liqn6fi£a f O’eet oe qu’il ne m’a pas 6t6 possible d’61uoider; (2) Pent- 
6tre le chknhydrate d’hydroghne phosphor^ existe-t-il r6ellement h 
l’&tat gaseux & nne temperature moins basse. 

I hope to continue these experiments with a view to determine the 
heat of formation of this oompound PH^Ol, and also to determine the 
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conditions of the formation and composition of the hydrate of 
phosphine. 

I most express my best thanks to Professor Dewar, F.R.S., for his 
many kind and helpful suggestions, and also to the Master and 
Fellows of Christ’s College, who have permitted me to retain my 
scholarship dnnng the oontinnanoe of this work. 


II. “On the Principal Electric Time-constant of a Oiroular 
Disk.” By Horace Lamb, M.A., F.R.S., Professor of Pure 
Mathematics in the Owens College, Victoria University. 
Received March 29, 1887. 


The time-constant for currents of any normal type in a given con¬ 
ductor is the time in whioh free currents of that type fall to 1/s of 
their original strength. In strictness there are for any conductor an 
infinite series of time-constants, corresponding to the various normal 
types, bnt in such a ease as that of a coil of wire one of these is 
very great in comparison with the rest, which belong to types 
in which the current is in opposite directions in different parts of 
a section of the wire. And in all eases the time-constant correspond¬ 
ing to the most persistent type whioh can be present under given 
oiroumstanoea is, of course, the one which is most important from an 
experimental point of view. 

A determination of the time-constants of a uniform circular disk 
would he of interest for two reasons: first, in relation to Arago’s 
rotations, whioh are entirely dne to the greater or loss persistence of 
currents once started in the disk; and, secondly, in oonnexion with 
Professor Hughes’s experiments with the induction balance, in which 
the disturbance produced m the field by the currants induced in metal 
disks (suoh as coins) was studied. Unfortunately, the mathematical 
problem thus suggested would soem to he difficult. Restricting our¬ 
selves, for simplicity, to oases where the currents flow in circles 
oonoentrio with the disk, so that the problem is not complicated by the 
existenoe of an electrio potential, then if 0 be the eurrent-funotion, the 
eleotrio momentum at a distance r from the oentre of the disk will be 
—dPjdr, where P is tho potential of an imaginary distribution of 
matter of density 0 over the disk. Hence, if p be the resistance per 
unit area, we have— 


,d0 _ d 

9 dr ~ dtdr' 


( 1 ) 


In any normal type, 0 and P will vary as s _w , and, therefore— 


4=4 


(«•> 





890 Prof. H. Lamb. On tMe Principal [Apr. 81, 

or, in the oaae of uniform resistance— 

p'0 = XP*+0 

over the disk. 

In the absence of a rigorous solntion of this problem (which seems 
well worthy the attention of mathematicians), a good approximation 
to the principal time-constant may be obtained on the following 
principles:—* 

1. An increase of resistance in any part of the disk will diminish 
the time-constant; and 

2. If the time-constant be calculated on any arbitrary assumption 
as to the distribution of current, the result will be an undcr-estiuiate, 
and will, moreover, be a close approximation to the tmo value if the 
assumed law bo not very wide of the mark, on account of the 
“ stationary ” property of the normal types. 

Some distributions of density 0, and corresponding potentials P, 
convenient for our purpose, are obtained by considering the disk as a 
limiting form of heterogeneous ellipsoid, in which the surfaces of 
equal density are similar and coaxial ellipsoids.f If the density at any 
point Q in the interior of the ellipsoid— 

= 1 

be Ca-fl 8 )-, 

where 6a, 6b, 6c are the semi-axes of the similar ellipsoid through Q, 
the corresponding potential at internal points will be— 

o 2* Hi _ £ _ t _* 8 V* 1 dJc _ 

•»+lJ 0 l a»+* **+* ?+*/ W(«*+*X*> 8 +*)(c s +*)r 

Putting a = 6, and passing to the case of a disk, by putting c = 0, 
2Co = 1, we find that to the surface-density— 

«* 

corresponds, for points of the disk, the potential— 

P ~ 2(^1) £( 1- to) (o4*)** 

• See Bayleigh’a' Sound,’ f { 88, 808, Ae. 
t See fnrm, 1 Quart. Joum. Math.,’ rot 14, p. 1. 
t In the electrical applintfaon we mart auppoee » + j>0. 


V s e s 

* + t* + t* 
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= 5cSl) r (-*- 1>ll ’5> ' ' 


in the usual notation of hypcrgeometric series. 

In the eloctrical problem, then, to a current-function of the form 
(3) corresponds the current-strength— 


d0 y/x r(»+l) r/ A-* 

dr a ' r(ft+4) a \ a 3 / 


( 6 .) 


and the eleotrio momentum— 


-f = ?-; r (--*’ s '3>. (6 -> 

The assumption (3) will correspond accurately to a normal type for 
a non-uniform disk, provided the law of resistance bo properly 
adjusted. For (2) is satisfied if— 



2Xri l 

(-«,*, 2, £), 


that is, / = ^ft/J* (l-£ s sin^ sin*xdx + (l-^) • ( 7 > 

= ft/F^-n, f, 2, +■ (l~j).( 8 -> 

where pt is the resistance at the centre; and the time-constant is— 


,-i „ r(u+j) *to 
r(«+i) 2ft,- 


. . (9) 


For n = 0, we have— 


?' = ft/(l-rV)‘. 

T “ W2’ 

Since p' diminishes from the centre outwards, we see that 4‘93fia/p is 
a superior limit for a disk of uniform resistance p. 
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Fori* =* 

p' = ~ ^ sin^sm 8 * d x , 


from which it appears that 3*142 a/p' is a superior limit for a uniform 
disk. 

For n =b 1, 

P = Po (l~i J) + ( 1 ~?). (10,) 


' W 


( 11 ) 


This case is remarkable as giving a resistance nearly uniform over 
the disk, except close to the edge, whore it rapidly increases. The 
seoond column in the following table gives the resistance at various 
distances from the centre; the third column, the corresponding thick* 
nessoa in terms of the thickness at the centre, the material of the 
disk being supposed uniform. 


r/a. 

p'lfi'f 

Thickness. 

0 

1*000 

1*000 

01 

0*998 

1 002 

0*8 

0*990 

1*010 

OB 

0*978 

1*023 

0*4 

0*960 

1 041 

0*5 

0 938 

1 066 

0*6 

0*913 

1*096 

0 7 

0*886 

1*129 

0*8 

0*867 

1 164 

0*9 

0 900 

1*111 

0 95 

1*035 

0 966 

0*99 

1 *878 

0*532 

1*00 

00 

0 


The minimum value of p is 0*8660/*,', corresponding to rfa = 0*8165. 
Denoting this minimum by we find from (11)— 

r = 2*137 A- 
Pi 

This is an inferior limit to the value of t for a disk of uniform 
resistance /> 
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Some farther information may be gathered from the seoond 
principle stated above. The electrokinetic energy of the system of 
current* defined by (3) is— 


T = if ^ — . 

V-dr* 




= r(—w+*w). r(4+m) 


• ro»+i)r(-»)r($) r( 2 +m)J 


_ r(«+i).2« r( ^ + + r( ) ^+ ( ^ r(il+ 1 |l+|) 

= T^i)*’ n+ *> 

- r(n+j)r(2n+l) 
r(2n+i)r(n+l)' 

. w 

If the disk bo of uniform resistance p, the dissipation is— 

- «y_ m *±m* (l3 ) 

Introducing a time-factor «-•/*, and supposing that the system of 
currents is constrained to remain of the type (3) during the decay, 
we find on equating the rate of diminution of the energy to the 
dissipation— 

. „ ± r(2n+2){r(n+l)}» 
T ““r(n)r(ni-i)r(2a+t). 


Any value of r obtained from this formula will be an inferior limit 
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to the true value. The following table gives the values of rp'ja for 
different values of n 


0-5 

0-8 

0-7 

0-8 

09 


2-133 
2-201 
2-289 
2-267 
2 261 


11 2-246 


1-8 2-210 

1-4 3 1K9 

1 5 2-167 

20 2-061 


It appears that the value (14) of t is a maximum for n = 0 9 about, 
and, hence, that tho principal time-constant of a circular disk is not 
less than 2-26a///. We have seen that the value of obtained by 
putting n = 1 in (3) must be a pretty fair representation of the most 
persistent type of free currents in a uniform disk, and the case of 
n = 0'9 will not be materially different. The “ stationary ” property 
already alluded to therefore warrants us in asserting that the value 
just given muBt be a close approximation to the truth. If 8 be the 
thickness, p the specific resistance of the material, we may write our 
result thus— 



P 


For a disk of copper [p = 1000 C.G.8.], a decimetre in radius, and 
2'5 mm. in thickness, this gives t as 0’0035 sec. 


Addendum.—April 11,1887. 

In the above calculations it is assumed that the current-intensity 
is sensibly uniform throughout the thickness of the disk. This will 
be tho case, at all events for a non-magnetisable substance, if the 
radius he a moderately large multiple of the thickness. To examine 
this point more closely, it will be sufficient to oonsider a simpler 
problem in which all the oircumstanoee can be calculated with exact¬ 
ness. Let us suppose then that we have a system of free currents 
everywhere parallel to the axis of » in a stratum of conducting matter 
bounded by the planes y = ±8/2. With the usual notation we shall 
have— 



m 
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F = 0, Q = 0, 



In the spaces on each side of the stratum— 


&H , (PH 
d*» + dy* 


= 0; 


'whilst in the conductor itself— 


(PH (PH 
d^ + dy» 




The equation of electromotive force is— 


dH 

a = —gj- = \n, 


the time-factor, as before, being e~ kt . Let us further assume that 
a enters into the value of H only through a factor sin mx. We shall 
then have, in the conductor— 


where 


(PH 

W 


+JPH = 


0, 


P = 4r/iX/p—m*, 


and in tho oxternal spaces— 


d,f 


■ 05.) 


The solutions of these equations, appropriate to our present 
problem, are 

H = D cos ky, 

and H = D'e*"v, 


respectively, the upper or lower sign being taken in the latter expres¬ 
sion according as y is positive or negative. At the surfaces of the 
conductor we must have— 


a — fna\ b = 6’, 

when the aooented letters relate to points just outside, the unac¬ 
cented to points just inside. Those conditions give— 
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ID.sin ^ =s /imD'e-"*!* cob y, 

D = D 'a--*/*, 

whence to . tan ~ = pmt .(16.) 

If /* = 1, as we have supposed, and mt is small, the principal root 
of this equation in to is small, and the current-intensity, which varies 
as cos ky, will be nearly uniform throughout the thickness. The 
equation (16) then gives— 

k*fi - 2m«-£m»«*+&o.. 
and therefore from (15)— 

t = \"l=^(l-im« + <fcc.), 

mp , 

where p = pji. For the purpose of a rough comparison with our 
original problem we may suppose that x/m is oomparable with R, the 
radius of the disk. It follows that the effect of replacing the actual 
disk, of finite thicknoss, by an infinitely thin disk of the same con¬ 
ductivity (per unit area) is to increase the time-constant by the 
fraction i/R of itself, about. 

In an iron plate, on the other hand, tho current-intensity will fall 
off considerably from the median piano to the surface, unless the 
ratio 2/R be extremely small. For instance, if pmt = v/2, or say 
l[R = 1/2 n, the principal root of (16) is kc = w/2, and the intensity 
at the surface is only 0 71 of its value in the median plane, although 
the thickness of the disk may perhaps not exceed one-thonsandth of 
the radiuB. Again if, mt being still small, pmt is moderately largo, we 
shall have kt = w, nearly, so that the current-intensity almost vanishes 
at the surface. In such a case— 

T = 4 wpIVp = W/«y>, 

roughly. It will be seen that within certain limits (e.p , if p. as 600 
and the lateral dimensions be not more than about 100 timos the 
thicknoss) this result is independent of the size and shape of the plate. 
Under these circumstances, tho value of t for an iron plate 
(j> = 10,000 C.G.S.) whose thickness is 2-5 mm. will be comparable 
with 0-003 sec. 
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IIL “ On Parts of the Skeleton of Meiolania platyceps (0w,).” 
By Sir Riohabd Owen, K.C.B., F.R.S., &o, Received March 
29, 1887. 

(Abstract). 

The subjects of the present paper are additional fossil remains of 
Meiolania platyceps from Lord Howo’s Island, transmitted to the 
British Museum since the author’s previous paper on the subject. 
Additional cranial characters are defined and illustrated by drawings 
of more or less perfect specimens of the sknll, of vertebra of the 
neck, trunk, and tail, of limb-bonee, and portions of the dermal 
►kcleton. 

The author suras up the affinities, deducible from the above parts of 
the skeleton, to the orders Chelonia and Sauria, with grounds for the 
conclusion that the genera Megalania and Meiolania are more nearly 
akin to the Saurian division of the class Beptilia, in which he proposes 
to refer those extinct genera to a sub-order called Ceratmauria. 


IV. “ Somo Applications of Dynamical Principles to Physical 
Phenomena. Part II.” By J. J. Thomson, M.A., F.R.S., 
Fellow of Trinity College and Cavendish Professor of 
Experimental Physics in the University of Cambridge. 
Received March 31, 1887. 

(Abstract.) 

This is a continuation of a paper with the same title published in 
the ‘Phil. Trans,’ 1885, Part II. In the first paper dynamical 
principles were applied to the subjects of electricity and magnetism, 
elasticity and heat, to establish relations between phenomena in these 
branches of physics. In this paper corresponding principles are 
applied to chemical and quasi-chemical processes snch as evaporation, 
liquefaction, dissociation, chemical combination, and the like. 

Many of the results obtained in this paper have been or can bo 
obtained by means of the Second Law of Thermodynamics, bnt one of 
the objects of the paper is to show that thero are other ways of 
attacking such questions, and that in many oases such problems can 
be solved ae readily by tho direct use of dynamical principles as by 
the Second Law of Thermodynamics. 

A great deal has been written on the connexion between the 
Second Law of Thermodynamics and the principle of Least Action; 
some of these investigations are criticised in the first part of the 
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paper. After this it is shown that for a collection of molecules in a 
steady state, the equation (which for ordinary dynamical systems is 
identical with the well-known Hamiltonian principle) 

»(f -V) = 0 

is satisfied, where T and V are respectively the mean values of the 
kinetic And potential energies taken over nnit time, and where the 
variation denoted by 6 is of the following kind. 

The coordinates fixing the configuration of any physical system, 
consisting according to the molecular theory of the constitution of 
bodies of an immense number of molecules, may be divided into two 
classes:— 

(o.) Coordinates, which we may call molar, which fix the con¬ 
figuration of the system as a whole; and 

( b .) Molecular coordinates which fix the configuration of individual 
molecules. 

We have the power of changing the molar coordinates at our 
pleasure, but we have no control over the molecular coordinates. 

In the equation— 

i(T—V) = 0 

only the molar coordinates are supposed to vary, all velocities remain¬ 
ing unchanged. Hence in applying this equation wo need only 
consider those terms in T and V which involve the molar coordinates, 
and expressions for these terms for gases, liquids, and solids are given 
in the paper; the rest of the paper after those have been obtainod 
consists of applications of the above equation. 

Tho density of a vapour in equilibrium with its own liquid is 
obtained as a function of tho temperature, and the effect upon the 
density of such things as the curvature or electrification of the surface 
of the liquid is determined. 

The phenomenon of dissociation is next investigated, and an 
expression for the density of a dissociated gas obtained which agrees 
substantially in form with that given by Professor Willard Gibbs in 
his well-known paper on the “ Equilibrium of Heterogeneous Sub¬ 
stances.” 

The effect of pressure upon the molting point of solids and 
the phenomena of liquefaction are then investigated, and tho results 
obtained for the effect of pressure upon the solubility of salts are 
shown to agree with the results of Sorby’s experiments on this 
subject. The effect of capillarity upon solubility is investigated, and 
it is shown that if the surface-tension increases aB the salt dissolves 
then capillarity tends to diminish the solubility, and vies vend. 

The question of chemical combination is then considered, par- 
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tienlarly the results of what is called by the ohemists “ mass-action,” 
of which a particular case is the division of a base between two 
aoids. 

The general problem investigated is that in which we have four 
substances A, B, 0, D present, snch that A by its action on B 
produces 0 and D, while C by its action on D produces A and B. The 
relation between the quantities of A, B, C, D present when there is 
equilibrium is obtained and foand to involve the temperature; when 
the temperature is constant it agroos in some cases with that given by 
Guldberg and Waage, thongh in others it differs in some important 
respects. Thus if f, 7, £, < be the number of molecules of A, B, C, 
D respectively, when there is equilibrium, 0 the absolute temperature, 
H the amount of heat given out when the chemical process which 
results in tho increase of f by unity fakes place, and h a quantity 
which is the same for all Bubstances, then it is proved that— 




where C is a oonstont; p, q, r, t are quantities auoh that if (A) 
represents the molecule of A, with a similar notation for the other 
molecules, then the chemical reaction can be represented by the 
equation— 

p{A}+q{B} =r{C}+s{D}. 


Thus if A, B, 0, D be respectively sulphnno acid, sodium nitrate, 
nitrio acid, and sodium sulphate, in which case the reaction is 
represented by— 

H,SO i +2NaNO, = 2HN0„+Na s S0 4 . 


Then if the molecules of sodium nitrate and nitrio acid be repre¬ 
sented by NaNO, and HNO s , 

pal, 3 = 2, r = 3, and $ = 1. 


If, however, the molecule# of sodium nitrate and nitrio aoid are 
represented reepectively by NajN 9 0 4 and H g N s O f , then since the 
chemical reaction may be written— 

H l S0 4 +Na 8 N,0 4 = HjNjO.+NajSO* 
p as 1, q = 1, r as 1, and » = 1. 

According to Guldberg and Waage the relation between f, 7, £ • 
!►— 

VOL. XUL t 
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this when the temperature is constant, agrees with the shore 
expression if p *= 5 = r = ». 

We see that the state of equilibrium will vary rapidly with the 
temperature if H be large, that is, if the chemical prooess is attended 
by the evolution of a large quantity of heat. 

The effect of alterations in tho external circumstances such as 
those which may be produced by oapillarity, pressure, or electrifica¬ 
tion are investigated, and it is shown that anything giving rise to 
potential energy which increases as the ohemioal combination goes on 
tends to stop tho combination. 

The last part of the paper is taken up with the consideration of 
irreversible effects such as those accompanying tho passage of elec trio 
currents through metallic conductors or oloofrolytes. These are 
lookod upon as the average of a large number of discontinuous 
phenomena which succoed each othor with great rapidity. The 
ordinary electrical equations with the usual resistance terms in, 
represent on this view the average state of the system, but give no 
direct information about its state at any particular instant. It is 
shown that if we take this view we can apply dynamical principles to 
these irreversible effects, and the results of this application to the 
case of electrical resistance are given in the paper. 


V. “ Conduction of Heat in Liquids." By C. Chrke, B.A., 
King’s College, Cambridge. Communicated by Professor 
J. J. Thomson, F.R.8. Received March 81, 1887. 

(Abstract.) 

In this research the liquid layer throngh which the conduction 
takes place is of a moderate thiokness, the object being to obtain 
rosults not open to the objections which can be raised against most 
previous methods, in which oondnotion has taken plaoe throngh 
layers of very small thickness. 

Two similar forms of apparatus, differing chiefly in sise, were 
employed, but from the larger apparatus few results were obtained, 
and to those little independent weight is assigned. 

The liquid was oont&ined in a wooden tub, and heat was applied- 
by pouring hot water into a metal dish supported so as to be in eon- 
tact with the liquid surface. At a given depth was fixed a fine 
platinum wire, and the variation in its temperature was determined 
by observing the variation in its electrical resistance. By this means 
the temperature at a given depth in the liquid is determined for any 
instant subsequent to the application of heat. 

In applying the heat a given quantity of water, heated to a given 



801 


M8«.] Conduction of Heat in Liquid*. 

temperature, was suddenly poured into the metal dish, and the time 
noted. In one set of experiments this water was after a given 
interval siphoned from the dish, in another set it was left undis¬ 
turbed. In either case the variation in the temperature of the 
platinum wire, as indicated by the change in its resistance, was 
determined by observations of the readings of a delicate galvano¬ 
meter, whioh was affected by the variation in an eleotrioal current 
traversing the platinum wire. The galvanometer readings supplied 
data from which could be calculated the interval that elapsed after 
the application of heat before the temperature in the liquid Barround¬ 
ing the platinum wire was rising fastest. An independent series of 
experiments gave the rate at which heat passed into each liquid from 
the dish. 

To calculate the conductivity a mathematical investigation is 
carried out, which leads to an equation connecting the conductivity,’ 
density, and specific heat of a liquid with the time elapsed after the 
application of heat at tho surface before the beating at a given depth 
should be most rapid. Though this equation cannot be directly 
solved, solutions of a close degree of approximation can be obtained. 
The density and specific heat being known, these solutions enable the 
conductivity to be calculated in absolute measure. 

The liquids examined were water, paraffin and turpentine oils, 
bisulphide of carbon, methylated spirit, and solutions of various 
strengths of sulphuric acid and water. In the case of paraffin oil, 
methylated spirit, and water, the two different methods were 
employed, and the results agreed fairly well. In the case of turpen¬ 
tine the water was never siphoned, and in the case of the remaining 
liquids the siphon was always used. It was found that the con¬ 
ductivity of the various sulphurio acid solutions, some of consider¬ 
able strength, differed very slightly from that of water, and thus there 
is • marked distinction between conducting powers for heat and for 
electricity. The presence of small impnritios in the liquids, such as 
■mall quantities of salt, had no appreciable effect ou the conductivity. 

The intervals that elapsed after the application of heat before the 
temperature at the given depth was rising fastest did not differ very 
largely for the various liqaida. It was shortest for the bisulphide and 
longest for turpentine. Owing to the comparatively small variation 
m this interval the value of the conductivity depends largoly on the 
product of the density into the specific heat, a quantity to whioh it is 
directly proportional 

The values actually obtained are the following :—In those under 
column 1 the water was siphoned from the dish, in oolumn 2 it was 
not. The units are centimetre and minute. 


> 8 
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Liquid. 


Column 1 

Column 8 

Water 


0 0747 

0 0815 

Solution snlphnno acid 

No 1 

0 0759 

— 

„ 

No 2 

0 07b7 

— 


’No 3 

0 0765 

— 


No 4 

0 0778 

— 

Methylated sp nt 


0 0354 

0 0346 

Bisulph de of oarbon 


0 03-2 

— 

Pnraffln oil 


0 0264 

0 0273 

Turpentine oil 


— 

0 0189 


The temperature of the var oua experiments differed somewhat 
bat as a i ale was a little ander 20 s C The difference of tomperatare 
in the two senes of expenments on water tends partly to explain the 
discrepancy in tl e above results as the results of previous observers 
indicate a considerable rise in conductivity with the temperature 
For water and the methylated spint results of a confirmatory nature 
were obtained by the larger apparat is 

The experiments were conducted in the Cavendish Laboratory 


Frew t, April 21 1887 
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April 28, 1887. 

Professor STOKES, D.C.L , President, in the Chair. 

The Presents received were laid on the table, and thanks ordered 
for them. 

The following Papers were read:— 

1. “Note on Dr. G. J. Hinde’s Paper ‘On Beds of Sponge- 
remains in the Lower and Upper Greensand of the South 
of England’ (‘Philosophical Transactions,' 1885, p. 408).” 
By Edward Hull, LL.D., F.R.8., Ac., Director of the 
Geological Survey of Ireland. Received March 17, 1887. 

In a valuable communication read before the Society in May, 1885, 
Dr. Hinde has given an account of the bands of siliceous material, 
generally in the form of “ chert,” fonnd at intervals in the two Green¬ 
sand formations of the Crotaoeous period throughout the south of 
England—clearly indicating the extent to which siliceous sponges 
contributed to the formation of the successive sea-beds of this period; 
an extent to which, as the “Challenger” soundings show, has its 
parallel in some parts of the ocean at the present day. 

In discussing the origin of the chert *nd ohalcedonio bands in 
whioh the spicules are imbedded, or out of which they have been dis¬ 
solved, leaving cavities in their place, Dr. Hinde states his opinion that 
“ There oan scarcely be room for doubting that the beds and irregular 
masses of chert . . . have been derived from the silica of these 
sponge-remains; and from the tame towroe hat alto originated the 
tilica* whioh, in many of the deposits—more particularly in the 
Blaokdown Hills—has replaced the shells and tests of the molluscs 
and other calcareous organisms.” He proceeds to say, “ The theory 
has, however, been advocated that the silica of the chert has been 
derived rather as a direct deposit of this mineral from solution in sea¬ 
water, than as the product of the decomposition of the siliceous struc¬ 
ture of the sponges. Thus Dr. Bowerbank held that the sponges 
imbedded in the chert of the Greensand possessed horny and not 
silioeous skeletons, and that the silica in the chert in whioh they were 
imbedded was attracted from the exterior medium by the animal 
matter, and not secreted from Hie living sponge. Professor T. 
Rupert Jones maintains Hie view that the silica of the chart is derived 
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directly from sea-water; and similar opinions as to the origin of the 
chert bands in the Upper Carboniferous limestones of Ireland have 
been pat forward by Messrs. Hull and Hardman, and by M. Benard,* 
with respect to the phthanxtee in rocks of the same age in Belgiam. It 
is a significant fact, however, in connexion with tho chert-beds of the 
Irish Upper Carbomferipas strata that some hare been discovered filled 
with sponge-spicnles like the chert of the English Greensand, and this 
iodioateu a similar origin for the silica, and negatives the supposition 
of Professor Hull that it was deposited “from warm shallow water 
oharged with silica in solution, in whioh ohomical reactions would 
be at onco set up, favoured and promoted by tidal and other 
ourrents.”t 

I have taken pains to quote the entire passage in Dr. Hinde’s paper 
in order to avoid the possibility of misrepresentation; and I must 
confess my inability to understand thp reasoning of the author. He 
regards the sponge-spionlcs as “ the scarce ” of tho silica, and by their 
decomposition in the presence of sea-water as having given origin to 
the beds of chert; bnt the qnestion arises, from what sonroe did tlie 
sponge-skeletons themselves derive the silica from which they were 
formed P This ooold not have been from repeated solution and re¬ 
construction, because by this process the supply of silica would have 
been used up. Tho statement, therefore, that “ the beds and irregular 
masses of chert have been derived solely from the silica of the sponge- 
remains instead of from that held in solution by the sea-waters them- 
selves” is altogether unintelligible. The real “source” of the silica 
is that small amount of this mineral which is always present in ocean 
waters; from this source .the sponge-structures have been derived by 
organic agency, and without that agency the silica would seldom be 
solidified. Sponge silioeous skoletooB are in reality the result of the 
presence of silica in sea-water—not its cause. If there had been no 
soluble silica there had been no siliceous spongos. But I am only 
here concerned with a defence of the views arrived at, after full in- 

* Dr. Hinds, in referring to Prof. Renard's Memoir (' Bulletin de l'Aoadfade 
Royals ds Belgique,’ voL 46,1878, p. 471), goes so &r as to question the author's 
determination of the nature of the “ circular sections ” shown in one of the 
figures (fig 8) accompanying tlie psper. The author identifies them as orinoid 
stems, Dr. Hinds suggests that they are really sponge-sploules i a view that no one 
so well acquainted with the Carboniferous Limestone at Professor Benard win for a 
moment admit. 

t Dr. Hind * does not mention his authority for (he statement of the abundance 
of sponge-spicules in the Oarboniferous'Lnsestons of Ireland, and I suspect that he 
hit in this case, as in that of the phthamtes of Belgium, mistaken the sections of 
qriaoids for those of sponge-structures. There is no doubt some difficulty in gif. 
tlnguishing sections of sponge-spicules from ill-preserved segments of crinoid stoma 
stub as oeour in chert \ so that their identity must be determined by the forms 
which an prevalent in the ordinary limestones. 
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vestigation by my colleague, Mr. Hardman, and myself,* and corrobo¬ 
rated by the independent investigations of M. Benard in Belgium ;+ 
and I wish to show how improbable it is that siliceous sponges oould, 
by their dissolution, have taken any important part in tbo formation 
of the chert-beds of the Carboniferous Limestone either of Ireland or 
Belgium, or as far as I am aware of any other oountry. My argument 
will be based on the fact that the development of sponge-life in the 
seas of the Carboniforous period was insignificant, and quite inade¬ 
quate to account for the existence of bands and masses of chert, 
sometimes constituting almost a half or a third of the entire mass of 
the Upper Limestone.]; 

Let us now enquire what are tho relative proportions of the genera 
and species of siliceous spongo-structuree to those of calcareous forms 
both in Carboniferous and Cretaceous strata—assuming that the genera 
and species indicate to somo extent the numerical development of 
these respective forms. In this comparison I shall omit from con¬ 
sideration the molluscs and molluscoidea—though in thomselves very 
important, and altogether lime-forming organisms. In drawing up the 
following table (p. 807) I have availed myself of the lists published 
reoently by Mr. Etheridge, F.B.S., which make the comparison simple 
and easy.S 

The contrast of the non-mollnBcan fauna of the two periods will be 
at once apparent (1) in the enormous proportion of siliceous sponges 
in the Cretaceous as compared with those of tho Carboniferous periods j 
and (2) in the predominance of corals and criuoids in the Carbonife¬ 
rous period. Tho insignificant representation of siliceous sponge- 
structures in the Carboniforous seas as compared with the caloareona 
foraminifors, corals, and orinoids will also be apparent. As compared 
with the development of these forms in the Carboniferous period, it 
will he seen that the species of siliceous sponges might almost be 
oonnted on the fingers of the two hands; both in genera, species, and 
individuals they are quite unimportant as compared with the calca¬ 
reous organisms of that period, and totally inadequate to supply mate¬ 
rial for the formation of such beds of chert as are formed in the 
Carboniferous Limestone formation. The enormous predominance of 
the calcareous organisms in this formation is a fact which cannot be 

• “ On the Nature sad Origin of Beds of Chert of the Upper Carboniferous 
limestone of Ireland." ‘Scientific Transaotkos of the Boyml Dublin Somety,' 
voL 1, 1878. 

f “ Beoherohee lithdogiquee sur lee phthanitee du oaloaire oarboniAre de 
Belgique." Far M. A. Benard. ‘Bulletiif de l’Aeadimie Boyale de Belgique,' 
voL 46,1878. 

I As in the eeee of the Upper limestone of Florence Court, netr Enniskillen, 
a l t o g ether 400 feet thick, of whioh perhaps 160 are formed of chert-bands, inter¬ 
calated with those of limestone. 

| Phillips’ ‘Manual of Geology,’ Edit. 1886, Fart IL 
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Table showing the Genera and Spocies of Invertebrala, other than 
Mollusca, in the Carboniferous and Cretaceous Periods. 


Carboniferous 
| Genera j Specif! 


*«—{Si25TT 

Foraminifen. 

Hydrosoa. 

Aotinoioa. 

Annul oh.. 

Crustacea. 

Folysoa. 

Total {S’""''"’'*'' 

\ Calcareous organisms 


Cretaceous. 
GcncnJ Species 


There Is a slight 
uncertainty re¬ 
garding the nu¬ 
merical propor¬ 
tion of the sili¬ 
ceous and calca¬ 
reous sponges of , 
the Carboniferous 


* Chiefly Kntomostraca of the Upper Carboniferous stage. 


disputed by those who have hod opportunities of studying its charac¬ 
ters, either in the north of England, in Ireland, or in Belgium, whore 
wholo beds may be observed composed almost entirely of criuoid stems 
and corals, while the microscope generally re vails other calcareous 
forms, such as those of foramimfera, which aro invisible to the naked 
eye, or under the lena. If, then, these original calcareous structures 
have becomo silicifiod, wbenoo could the silica have been derived if not 
from tho circumambient waters of the ocean under pertain special and 
favourable conditions of temperature ? 

In bis paper on the origin of tho tieds and nodules of chert (phtha- 
nite) in the Carboniferous limestone of Belgium, M. lie nurd expressly 
identifies orinoid stmotnros, not only in circular disks of tho cross- 
section of the stems or ossicles, but m the more solid and structure¬ 
less masses of the chert when treated with acid ;* and ho expressly 
states that the silicification has suporvoned in tho case of an originally 
calcareous rock-oompound chiefly of foraminifera, orinoids, and corals;t 
and, as Dr. Hindo himself admits, M. Bernard distinctly statoB that 
there is no evidence that tho iufiltorod silox into tho limestone is 
derived from the decomposition of sponge-spicules or frnstnles of 
diatoms. Surely such a statement from so competent an observer is 
entitled to more consideration than that accorded to it by Dr Hinde, 

• Lot «i., p. 40* 
t tbd, p inn 

x 3 
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who consider* that M. Renard has mistaken sponge-spicules for 
crinoid stems.* 

In conclusion, it may be asked what is the evidence which Dr. Hinde 
can assign for his statement—that the silica of Carboniferous chert 
has been derived from spongc-spiculos P Absolutely none, except a 
fanciful analogy between those peculiar masses and the sponge-beds 
of the Crotacoons formation. On the other hand, it has been shown 
that no such analogy exists, inasmuch as there wrs a marked contrast 
between the organic beings in the waters of the Carboniferous seas as 
compared with those of the Cretaceous period. In the former siliceous 
sponges were exceedingly rare ; m the latter they abounded; so that, 
whatever part they may have played in the construction of tho Creta¬ 
ceous bands of chert, it is clear they could have taken no important 
part in the formation of the chert-bands of tho Carboniferous Lime¬ 
stone. The relativo weight of opinion as expressed in the papei-s 
dealing specially with this subject must be left to individual judgment; 
in forming this judgmont, however, it will not bo overlooked that 
identical conclusions have been arrived at regarding the mode of 
formation of the Carboniferous chert-bands by two sots of observers 
working independently', one in Ireland the other in Belgium, almost 
at the same period, and both using choinieal and microscopical 
appliances. 

I trust, therefore, that 1 have succeeded in showing that there are 
good grounds for the opinion of those who consider that the beds 
and nodnlesof silicoous material in the Carboniferous Limestone have 
been formed by a direct replacement of original calcareous matter of 
the limestone itself by silica held in solution in the ocean-waters, and 
that, consequently, Dr. JJmde is not justified in referring them for 
their origin to sponge-strnctnros 


II. “Note ou Professor Hull’s Paper.” By EDWARD T. Hardman, 
of tho Geological Survey of Ireland. Communicated by 
E: Hull, F.tt.8. Receivod April 5, 1887. 

Dr. Allejne Nicholson, a palaeontologist of no small repute, refers 
to this subjeot in bis work on the ‘ Ancient Life History of the 
Earth,' p. 34. He considers that the silica which has surrounded and 
infiltrated the fossils which flint ooutains, must have been deposited 
“from sea-water in a gelatinous condition, and subsequently have 

* Dr Hinde'i word* arc • “ There are shown, however, in one of the figure* 
(fig. 8) accompanying M. Bemud’* paper, circular *eotion* which more nearly 
resemble thoee of tponge-ipirale* than of mnoid items, to which they are assigned." 
Note, lot nf, p 488 
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hardened. 1 ” Also that “the formation of flint may.therefore be 
regarded as dne to the separation of silica from sea-water, and its 
deposition round some organic body in a state of ohemical change or 
decay.” 

This is essentially the theory I advanced in our joint paper, and 
that independently arrived at by the Abb6 Renard, namely, pseudo¬ 
morphism. 

Dr. Nicholson says further: “ It hae been asserted that the flints of 
the chalk are merely fossil sponges. No explanation of the origin of 
flint, however, can be satisfactory, unless it embraces the origin of 
chert in almost all limestones from the Silurian upwards, as well as 
the common phenomenon of the silicification of organic bodies (such 
as oorals and shells) which are known with certainty to have been 
originally calcareous.” 

In our paper the prevalence and thickness of the chert of the 
Carboniferous Limestone of Ireland is referred to. 1 have since had 
an opportunity of Beeing the siliceous alteration of limestone on a 
very large scale, and in different formations, in the tropical region of 
Western Australia, when engaged there as Government Geologist. It 
is seen in the Lower Silurian, Carboniferous, and Upper Tertiary 
deposits. The transition from the limestones into chert, flint, and 
caloedony, is clearly visible in many plaoes where these minerals 
form ranges often milos in extent, and where the thickness of the 
flinty material occasionally reaches 300 feet. 

It is curious that these flint beds nearly always form the capping 
of the hills, but that they are of the samo formation as the under- 
lying limestone is proved by the gradual passage of that rook into 
flint; and where fossils occur in the limestone similar fossils are 
observed in the flint, until they become obliterated towards the 
summit/ 1 I am inclined to attribute this to the action of highly- 
heated rain-water since the rocks have been deposited. In the warm 
season—wbioh is also the rainy season, from about November to 
Maroh—the rooks beoome intensely heated, and consequently, also the 
water lying in pools and cavities. I have been assured by settleip 
who have had to wade through flooded country, that at such times they 
could hardly endure the heat of the water, and I have experienced this 
to a slight extent myself. It is certain that under these circumstances 
silica would be more largely dissolved from one part, and more 
qniekly deposited in another portion of the ssme rock; it is in fact 
on similar reasoning—the influence of sunlight and heat—that 
Professor Martin Duncan, F.&.S., explains the silioifioation of the 
West Indian Miocene Corals. 

* See 'Report on the Geology of the Kimberley District, W. Australia.’ X. !, 
Hardman. Perth, W. A., 1886. P.18. 
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Whether Ifc be tea ted rain-water, or heated sea-water containing 
silica, the principle of the transmutation is the same. 

These siliceous beds are found, not only in the marine Silurian 
(and possibly older) beds of tropical Australia, in which sponges are 
comparatively rare, and in the Carboniferous rocks, but also in a 
fresh-water deposit which oaps a hill south of Mount Elder on the 
Ord River, and about 500 foet above the level of the country, showing 
that it must at one time have been the bed of a very extensive lake. 
Tho upper beds are white limestone merging upwards as usual into 
flint, caloedony, and green agates. These are 50 feet thiok, and all 
abound in a fossil, Planorbu, as determined by Professor McCoy, of 
Melbourne University, who named it as a new species, Planorbu 
Hardmani, His decision was confirmed by R. Etheridge, Junr,, 
and Ur. Woodward, and the specimens are at present in the Museum 
at South Kensington. 

This rook is simply one mass of Planorbu shells all highly silioified. 
I oan hardly conceive that it was formed from sponge spicules, 
especially as according to Ernst Haeckel ('History of Creation,' 
p. 189) the main class of the Sponges lives in the sea, with the 
single exception of the green fresh-water Sponge ( Spongilla ). 

It is not probablo then that these organisms would have existed in 
these region b in sufficient numbers to form a rock 50 feet thiok and 
over two miles square at present. 

We have therefore examples at both ends of the scale in this one 
oonntry showing how improbable is the Sponge theory of ohert. 


IIL “ On the Homologies and Succession of the Teeth in the 
Dasyuridse, with an Attempt to traco the History-of the 
Evolution of Mammalian Teeth in general." By Oldfield 
Thomas, British Museum (Natural History). Communi¬ 
cated by Dr. Albkbt Guntheb, F.B.S. Received April 4, 
1887. 

(Abstract.) 

The true homologies of the different teeth in the Marsupial is, and 
especially in the Daryurida, have long been in a state of confusion, 
largely owing to their perplexing superficial resemblances to the teeth 
of the Carnivora and other Placentals, and to the incorrect homo¬ 
logies thereon founded. This oonfosion has been chiefly in regard to 
the premolars, of which some members of the family have two, others 
three, while generalised Placentals have four, and it is therefore 
necessary to prove which teeth have been successively lost in order 
to find out the oorreot homologies of the remainder. 
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Firstly, u to which of the three pranofcn of sach genera as 
Thyladruu and Pkaicologale hare been lost in Datyunu and Sarco- 
philut, each with only two—a study of the different members of tbo 
genus Phateologale shows that, judging by the great variability in 
size of the last premolar or pm. 4 of the typical mammalian dentition,* 
which is sometimes even altogether aborted, it is this tooth that is the 
one lost in Datyurut and Sarcophilut, the total loss of the changing 
tooth naturally accounting for the non-disoovery of a tooth-change 
in these genera. 

Next, since the original number of premolars was cloarly four in 
the Marsupials as well as in the Placeutals, it was necessary to find 
out which of these had disappeared in the ordinary three-toothed 
genera of the Polyprotodonts, and this has been able to be done by 
the fortunate discovery of a specimen of Phascoloyale in which there 
are four premolars on one side, the additional tooth being inserted 
between the ordinary first and second premolars. The missing pre¬ 
molar is therefore pm.*, as shown both by this instance and by the 
relative positions of the teeth in other Polyprotodonts, the resulting 
premolar formula of Phateologale and Thylacinut being P.M. 1' . ? 

and of Datyunu and Sarcophilut P.M. ^ "g jy t 

The milk dentition in several of the Datyurida is then described, 
among others that of the Pnrbeok Mesosoic Marsupial Triacanthodon 
t&rrula (Owen), wbioh is proved* to have, as had been suggested by 
Professors Owen and Flower, a milk dentition identical with that of 
the modern Marsupials. 

An attempt is then made to trace out the history of the evolution 
of mammalian teeth in general, and as a preliminary it is insisted (1) 
that the rudimentary tooth-change of the Marsupials is not a remnant 
of a fuller one, but a low and early stage in the development of com¬ 
plete dipbyodontism, a stage out of which the Euthoria have long ago 
passed; and (2) that, as maintained by Professor Flower, the milk 
teeth are the auperadded and not the primary set. 

It is then suggested that the process by which a milk tooth was deve¬ 
loped consisted of two stages, firstly, a preliminary retardation of the 
permanent tooth, and secondly, of the development of a temporary 
tooth in the gap in the tooth-row caused thereby; the retardation in 
the first case being useful for packing purposes in a large-toothed 

* Although the homology of this tooth with the pm.* of Plaoentals, tret made 
out by Professor Flower, has been called In question, there osn be no doubt that it is 
entirely correct, 

f This method of writing dental formula is reoommended ss showing not only the 
total number, bat the homologies of the teeth, eaoh of which has iU own in 

thasssiss. 
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animal, while in a small-toothed form the nme retardation, if preeent 
by inheritance, would cause a more or lees disadvantageous gap, best 
filled by the assumption of a milk tooth. 

The first stage, or stage of retardation, appears to be still repre¬ 
sented in the anterior upper incisors of many Polyprotodont Marsupials, 
and it is therefore believed that these teeth now represent the stage 
at which the ancestors of the Marsupials and Entheria diverged from 
one another, a stage at which the further development of milk incisors 
was just commencing. 

Following out this idea, it is shown how easily the transition from 
the Metathorian to the Entherian stage of tooth-ohange may have taken 
place, a transition by the help of which a complete series of diagrams 
can be drawn up, following the history of each individual tooth, from 
the dentition of the earliest Mammals, homodont and monophyodont, 
as no donbt tho unmodified Prototheria were, down to the varied 
forms of dentition, heterodont and dipbyodont, existing at the 
present day. 

All the orders of Mammalia fall easily enough into their places in 
the main line of this scheme with one exception, namely, the 
Edentata, in whose case the evidence all tends to prove the correct¬ 
ness of Professor Parker's suggestion as to their nearly direct 
derivation from the Prototheria, a suggestion that the characters of 
their teeth most fully support. On the same principles, therefore, 
as the main Proto-meta-eutherian lino of tooth development is drawn 
up, a side branch, for which the name “ Paratherian ” is suggested, is 
made for the Edentates. Within that branch very little hetorodontism 
has ever been developed, but otherwise the changes, except m the ease 
of the as yet inexplicable dentition of Orycteroptu have been of the 
same nature as those in the main line, the suporaddition of a milk sst 
of teeth in Tatutia being, as in the Meta- and Eu-theria, the last and 
moat highly specialised development. 


IV. “Note on Protection in Anthrax.” By L. C. Wooldridge, 
M.D., D.Sc., Demonstrator of Physiology, Guy's Hospital. 
Communicated by E. Klein, M.D., F.R.S, Received April 
16, 4887. 

Hitherto in the few oases in whioh protection against symotio 
disease has been fonnd possible, it has been effected by the communi¬ 
cation to the animal of a modified form of the disease against whioh 
protection is sought. 

I have succeeded in protecting rabbits from anthrax by an alto* 
gather different prooess, and although this is soarcely, st present, of. 
practiorf utility, it may perhaps be found to be of some interest as 
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regards the general nature of protection in this and other diseases 
depending on micro-organisms. 

I use as a culture fluid for the anthrax bacillus a solution of a 
proteid body which is obtained from the testis and from the thymus 
gland. I have described this substance to tho Society on a previous 
occasion,* so that I need not repeat the description of the prooeaa 
used in its preparation. 

The proteid substanoe is dissolved in dilate alkali and the solution 
sterilisod by repeated boiling. It is then inoculated with anthrax 
and maintained at 37* 0. for two or three days. 

The growth is generally not very abundant, and at the end of the 
period mentioned is removed from the culture fluid by filtration. A. 
small quantity of tho filtered culture fluid is injected into the circula¬ 
tion of a rabbit, and it is then found that the animal will not take 
anthrax. 

A subcutaneous inoculation of extremely virnlont anthrax blood 
made at the time of tho injection of the protecting fluid, and two Bub- 
sequent inoculations at intervals of fivo and ten days, remain entirely 
without effect. The animals used as a control invariably die. Four 
rabbits havo been protected in this way. 

If the anthrax grown in the fluid be inoculated it either kills or it- 
has no effect. It does not protect in the slightest degree. 

The injection of the cnlture fluid in which no anthrax bus grown is 
without offcct. The animals die as usual when inoculated. The 
i injection of the fluid itself onuses no ill symptoms whether anthrax 
has grown in it or not. 

If other albnminous fluids, e.g., blood-serum, bo used as a culture 
medium and the filtered oulture fluid be injected, it exerts no pro¬ 
tection. It may be fairly concluded that the growth of the anthrax 
bacillus in the special culture fluids used in these experiments gives 
rise to a substance which when injected into the organism protects 
against an immediate and subsequent attacks of anthrax. 

It would obviously be of very great advantage if some such method 
H this could be used for the symotio diseases affecting man for which 
no protective inoculation in the ordinary sense, appears possible. 

I am indebted to the Medical Officer to the Local Government Board 
fbr permission to publish this short acoount of these experiments, 
the foil description of whioh will appear in his report. I mflst also 
express my thanks to Dr. Klein, F.R.S., for kindly supplying me 
with many anthrax cultivations. 


L. 0. Wooldridf*, 11 Intrsvssealar dotting,” * Boy. 8oc. Proo„’ 1896, 
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Note added April 27th. 

The following experiments give additional weight to the previously 
described results. 

In the one case the anthrax grew with very great rapidity in the 
culture fluid, and the clear filtrate oontainod but a very small quantity 
of proteid matter Forty cubic centimetre# of this fluid was injected 
into a rabbit, and the rabbit immediately inoculated in the ear with 
virulent anthrax blood ; in two days there was very marked oedema 
at the seat of inoculation, whioh increased to an enormous extent 
during the next few days, and then gradually subsided. The rabbit 
is now perfectly well, twenty-four days after the inooulation. 

In the second case the growth of anthrax had been very slight; 
20 c o of the filtered fluid wns injected, and the animal immediately 
inoculated in the leg with virulent anthrax blood. In three days 
there was marked oedema at the seat of inooulation TUb spread up 
the leg to the back, so that there was enormous oedema occupying 
nearly the wholo posterior part of the animal; this persisted for ten 
days, and thon gradually subsided. The animal is quite well, twenty- 
eight days after inoculation. 

These cases are of interest, since they are obviously instances of 
partial protection. Tho animals are still affected by anthrax, but it 
is only as a severe local affection, and does not kill them. 


Presents, April 28th, 1887. 
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May 5, 1887. 

Professor 6 G. STOKES, D.C.L., President, in the Chair. 

The Presents reoeived were laid on the table, and thunks oidered 
for them. 


In pursuance of the Statutes the names of the Candidates recom¬ 
mended for election into the Society were read from the Chair as 
follows — 


Buchanan, John Young, M A. 
Cash, John Theodore, M D 
Douglass, Sir James Nicholas, 

M.I.C E. 

Ewing, Prof. James Alfred, B.Sc 
Forbes, Prof. George, M.A. 
Gowers, William Richard, M.D. 
Kennedy, Prof. Alexander B. W., 
M.IC.E. 


King, George, M B. 

Kirk, Sir John, M D. 

Lodge, Prof. Oliver Joseph, D So. 
Milne, Prof. John, F.G S. 
Pickard-Cambridge, Rot. Octa¬ 
vius, M.A. 

Snelns, George James, F C S. 
Walsingham, Thomas, Lord. 
Whitaker, William, B.A. 


The following Papers wore read:— 


I. “Report of tho Observations of the Total Solar Eolipso of 
August 21*. made at Oarriacou.” By the Rev. S. J. 
Pehhy, S.J., F.R-S. Received April 5, 1887. 

(Abstract.) 

Carriacou is a small island situated about twenty miles to the north 
of the island of Grenada, the chief of the Windward group, and 
furnished an excellent site for the observation of the last solar eelipse. 
Most of tho observers sent by the Eclipse Committee of the Royal 
Society to the West Indies -in Angnst of last year remained at 
Grenada, or on the small islands in its immediate vicinity, whilst 
Mr. Maunder and myself occupied the more distant northern station, 
where the totality was slightly diminished in duration. 

The work proposed for Mr. Maunder was to secure a series of 
photographs of the corona, with exposures of 40s. and under, and also 
to obtan two photogiaphs of the spectrum of the corona with the 
longest exposures possible. The coronal pictures were successful, and 
they are at present in the hands of Mr. Wesley, Assistant Secretary of 
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the Royal Astronomical Society The reunite of hie careful examina¬ 
tion, and of the collation of this with other eclipse photographs, will 
form the subject of a later communication 1 he spectroscopic cameras 
mounted on the samo equatorial framework failed to give any useful 
result 

The instrument used by mysolf was a 5J inch equatorial by Alvan 
Clark with a Rowland grating 14.4H8 linos to the inch, and tho work 
assigned by the Comraittie was an examination of tin sptctium of 
the inner corona immediately before and after totality and a search for 
the carbon bands during totality 1 was assisted by Sub Lieutenant 
Helhy, of H M S “ Sparmwhawk, who pointed the slit of the spto- 
tnscope whilst my undivided attention was givm to thi hnght lines 
in the field of view of the small observing telescope Tht object 
glass cast a most perfci t pictuic of the coinna on the white enamelled 
cap of the slit plate, so there could have beeu'vo dilliculty in directing 
the slit to any assigned position 

In the search daring totality for the carbon bunds % and /9, which 
should have been well within the field of view, extending as it did 
from wave hngth 5000 to considerably beyoud b the rahal slit wi s 
placed near the solar equator, at distances fiom the moon h limb inly¬ 
ing from 0 1 to 0 5 of a solar diametci, and was then lemovtd to one 
of the sun’s poles, and placed tangentially at successive distances as 
before In none of these positions could I detect the slightest trace 
of the carbon bauds The conclusion indicated by these observations 
seems to bo that the vapour of carbon, if present in 188C, was not of 
sufficient intensity to make an appreciable impression on the utina 
Tho dispersion was considerable, as I was using the second otder of 
spectrum with a power of about 4, but the fainter lines in tho solar 
spectrum, and the coronal lines when seen, were so diBtinot, that I 
scarcely think tho dispeiBion oould have been excessive 

The observations both before and after totality were greatly inter¬ 
fered with by the clouds and heavy rain, but although ram fell within 
a few minntes from the beginning and also veiy soon aftir totality, 
the sun seemed perfectly clear dnnng tho whole of the totality itself 
As soon as the sun broke through the clouds and became visible on 
the slit of the spectroscope, Lieutenant Helhy placed the slit at the 
centre of the rapidly decreasing crescent, and tho first lino that I 
detected was 1474 K, which extended to a distance of perhaps 8' 
from the limb Almost ut the same instant I saw a mass of lines of 
unequal length situated on the less refrangible side of b , but m close 
proximity to it Their number I estimated at about 15, bat I could 
form no idea of their relative intensities This observation seems to 
favour the view that the absorption producing the Fraunhofer linen 
takes place in successive layers of the solsr atmosphere, and not m 
any one layer exclusively Within 20s from the end of totality, the 

2 a 2 
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radial alit being as near as possible to tbe point of reappearance, the 
wholo field was crowded with bright linos, fifty or more being visible 
in the shoi t apace between wave-length 5600 and b. I noticed no 
difference in the length of these lines. Clouds and rain soon put an 
end to all chance of further observations. 

Interesting sketches were made during totality of the outer 
streamers by Captain Master naan and Mr. Osborn, of H.M.S. 
“ Bullfrog," who both used the circular disks arranged so as to cover 
the brighter portions of the inner corona. The mstantaneons view 
that 1 obtained of the corona, most exqnisitoly defined on the white 
cap of the speocroscspe, and the rapid glance I took with an excellent 
I mocular, confirm the positions -of the two principal rays drawn by 
Captain Mnsterman, bat I observed at the same time a shorter ray 
Lei seen the two, which appears otherwise to have escaped detection, 
und 1 noticed the leaf-shapud curvature of the ray in the north-west. 

The darkness was never much Icbs than that of a fair moonlight 
night. 


II “Note on the Microscopic Structure of Rock Specimens 
from tbreo Peaks in the Caucasus.” By T. G. BoNNKY, 
D.So., LL.D., T.R.S.. Professor of Geology iu Univetuity 
College, London. Received April 5, 1887. 

Although our knowledge of the petrology of the Caucasus has been 
considerably augmented of late years through the labours of Abich, 
Favre, Tsohermak, and others, so much ground still remains uu- 
tioddon among its mountain peaks that hardly any specimen can be 
entiiely without interest. Those described in the present note have 
come from the following localities:—(1) The snmmit of Tan Tctnnld; 
(2) rocks from the upper part of Guluku ; (3) the summit of Elbrus. 

The specimens from Tau Tetnuld and Gulukn were collected by 
Mr. W F. Donkin, dhring his expedition in company with Mr. 
Clinton Dent in the summer of 1886, and to tho former I am indebted 
for the following note on the localities. 

“ Tan Tetnnld is one of the peaks of the central Caucasian chain, 
in the great Koschtan-Tau group which lies about midway between 
Elbrus to the N.W., and Kasbok to tbe E 8.E. From Koschtan-Tau 
the main ridge forming the watershed run4 somewhat north of wet-t, 
dropping gradually in height; bnt for some three or four mile* 
forming a magnificent wall on the northern side, oovered with a 
succession of steep snow-slopes and hanging glaciers A long portion 
of this ridge, including three more or less well-marked elevations, is 
called Djanga; the next elevation on the ridge—a much more obvious 
one, forming indeed a symmetrical snow pyramid—is Tan Tetnnld. 
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From the north it appear! to have a (harp conical anmmit, but it is 
really wedge shaped Further westwauls the ndge tell* continuously, 
a few rocky peaks protruding from it, to a well marked snow ool 
The dtainage fiom the whole of this visfc wall from Koachtan-Tau to 
the ool inclusive, collocts m a basin, and flows northwaids as the 
Besingi glacier The glacier is remarkably levol and fiee from 
ice falls, and appears to start almost duect from the foot of the 
wall, with bnt little sloping n£vt Its course is soon narrowed to a 
tliunnel of some 1200 yards wide by spuis fiom the high ridges 
tunning northwards on either side On tho west the ndge does not 
attam any great elevation, bnt on the east tho gl iuor is bounded by a 
group of mountains culminating in tho gicat ro<k mass of Guluku 
This gronp is completely sepal ated from tho Koschtan lan chain by 
the glauer basin above mentioned Guluku itself is giamuc in 
character, bat the lower and sui rounding peaks and ridges are 
schistose and shaly, in puts exactly like the Ober and Unter 
Rothhom on the north side ot the Findelen glicici * lhc upper 
rocks ot Guluku are grey m colour and look very liko granite from 
some distance below , then comes a belt af whiter locks (A), and 
below that a well mniked red belt (B), both these belts aie con¬ 
tinuous and neaily horwontal fit a long way round the southern side 
of the peak Below the red belt the locks are daiktr and more 
mixed (C, l), and E) On the moraine on the cast Bide of the Urban 
glacier, under Guluku, vast masses of granite hail fallm many of the 
blocks recently It is hue grained, and of grey colour (t) ’ 

(1) Tau Tetnuld ,—Specimen from the highest rocks about 100 
feet below the actual summit, which was covertd with snow Mr 
Donkin states that the lock tmveised in the ascent appealed to lie 
exactly of the same cli iructer Tins is a flat fiagmcnt of a brownish, 
rather fissile, but strong, mica schist, about ^ inch thick and nearly 
2 inches broad and long 'ihe broad surlaies are spaugled with 
small flakes of a silvery mica, and appear to be those of a * eleavagu 
foliation ” Examined microscopically, the chief constitutcnts are 
quaits and mioa, besides which an non oxide occurs, fiequently m 
small granules and rods, and moie rarely m larger gtains The 
quarts and mica have a general elongated lenticular arrangement 
parallel with the broader surfaces of the fragment, and ersoks 
traverse the slide in the same direction The quarts on applying the 
polaiising apparatus is broken up into a mosaic of different used 
grains united by diveiBe tinted margins, so that we are evidently 
dealing m each case with one or moie grains which have been crashed 
up and re-cemented Canties are sometimts rather numerous, and 

• Near Zermatt in the Pennine tip* Three telnets are referred to the upper 
poet group lOnrae talk ha tige Svlnefer) in the crystalline aer et of the Alps 
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occasionally tend to range themed ves perpendicularly to the lines of 
cleavage They are generally minute, sometimes stained internally, 
both ovoid and irregular in form, usually containing fluid, and with 
bubbles which, as a rule, are about one fourth the volume of the 
cavity, but not rarely exceed this Some of the large grains exhibit 
the nanal indications of boing m a statu of strain. 

The mica is brown, groemsh, or colourless The first and second 
are biotite, more or less altered The colourless mica resembles 
muscovite, but l think that at any rate some of it is a mngnesia- 
potash mica, possibly hydrous, a secondary product after biotite, the 
iron having sepa rated out This often remains between the cleavage 
planes in rods and plates. Possibly some of the bmnller flukes of 
mica may be altogether of secondary origin, but 1 bare no doubt that 
most of it, including all tho larger flakes, is an orginal constituent. 
These flakos ofton afford marked evidence of mechanical disturbance. 
They arc bent, twistod, crumpled, and in some cases crushed up. 
Portion* of them, viewed with tho polarising apparatus, have a peculiar 
“powdered" look, which I find very characteristic of a mica that has 
been to a certain extent crushed iw *»/«, so that, while tho general 
outline of a crystal is preserved, there aro constant ruptures of eon- 
tinuity and slight displacements of the constituent parts. A few 
small mineral granules also occur in the slide, some I am disposed to 
refer to epidote, others to a very impure' garnet. 

(2.) The specimens from Gulnku were collected, partly in siVn at a 
height roughly of 14,500 or 15,000 feet above tho sea, partly from a 
moraine, as above-mentioned, on tho Uihau gl.icier; hence they repre¬ 
sent a considerable mass of the roonn f ain below the level just men¬ 
tioned. The highest point of Guluku is about 10,500 feet above the 
aea. 

(A.) From the highest rocks reached. A small fragment of rock 
with indications of a slight cleavage, consisting of a porceluin-white 
mineral irregularly mottbsl with one of a pale pistachio-green colour. 
The former on microscopic examination proves to be a plagioclsstic 
felspar, considerably decomposed, but in parts showing very clearly a 
lamellar twinning. The extinction angles are generally rather small, 
probably oligoclase predominates; miorolithic flakes of a micaceous 
mineral, and other decomposition products, are frequent. The other 
mineral is an epidote, varying from a pale yellow tinge to colourless, 
and rather impure It occurs in aggregated and sometimes rather fan¬ 
like groups of longiBh crystals. There aro also a few spots of a 
serpentinous or chloritic mineral. The mechanical disturbance of the 
rook is obviously posterior to the crystallisation of the felspar, as its 
crystals are oracked and even sheared, but, at any rate in the main, 
prior to that of the epidote. 

Guluku (B).—A small fragment of a coarse gneissose rock, evi- 
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dently containing a considerable amount of a darkish mica, on the 
weathered am faces reddish brown (the “red hand”) Under the 
microscope it is seen to consist chiefly of biotite, felspar, considerably 
decomposed, in part at least plitgioclase, and quartz The biotite is in 
places alteicd into a gieemsh ehloritie mineral, in others is “bleached ” 
by palling with its iron A while mica howeier, which oocnrs m 
good sued flakes, appeals to bo an occasional original constituent 
The rock has evidently been ranch crushed The quartz is cracked 
and displaced, the felspar has been broktn up and paits of the 
original crystals arc now occupied by a sort ol lntgular mosaic 01 
mu tine of fclsjar, quartz, kaolin, and white mica J ho felspar 
ciystals are occasionally interrupt* d by roundish inclusions of quarts, 
such as ono often sets in the oldest gneisses ihose may be of 
secondaiy ongin but I find nothing to proto it 1 ho ongnuvl quartz 
grains, wheie adjacent to the crushed felspar, appear to have been 
augmented by secondaiy deposits of qnaitz m optical continuity 
lh< mica in paits of the slide shows marked indications of moi hauical 
distiii banco and a reddish garnet at the edgu has been distinctly 
ciushed out as is more fully descubed in (C) 

Oulul a (L) —1 Ins specimen, in shape roughly a right rhomboidal 
prism about 1 X 1 X ] , has for its larger faces parallel joint 
suilnecs two others are sheen sutfaies,’ parallel with which the 
fru lured facts exhibit a foliated structme Ihe rock appears to be a 
strong rather compact mica schist, dark in coloui, with a few very 
thin hghtei-tiutcd bands 

Ihe principal minerals are quartz, mica, garnet, iron oxide and a 
quantity of a brownish mineral, sometimes veiy fibrous Ihe quait/ 
occurs mostly in granules of moderate size, occasionally lnclulmg a 
little minute rutile ('*) and mica It is on the wholo fairly tltar, but 
lino and theie cavities are pretty numerous Ihese fuqucntly con¬ 
tain bubbles which, though very variable in relutivc sue are gene¬ 
rally smaller than in the lau letnuld lock, perhaps cimmonly about 
one six*h or ono seventh of the whole volume The mica constituent 
is chiefly biotite or its alteration products, often a groenish chlontic 
mineral, sometimes a whitish hydrous mica, both with mterlamination 
of iron oxide The garnet is coloui less in thin slices, and occasionally 
exhibits, along cracks, alteration for a short distanco into a chloritio 
mineral Some of the larger granules of iron oxide are hematite 
The pale coloured lather filmy or fibrous mineial is oertainly in some 
oases a secondary product after a felspar, the usual aggregate of a 
minute micaceous or kaolimtio mineral Other parts, however, con¬ 
sisting of narrow undulating bands of an aggregated fibrous mineral, 
like a small 1 <k k of wavy hair, I was at first disposed to regard as 
fibrolite, but after repeated examination I am unable to decide 
They resemble in some respects a fibrous mica, but their extinction 
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doe* not appear to agree with this mineral (though aocnrate measure¬ 
ments are difficult to obtain) for it seems markedly oblique. 

It is evident at a glance that this rock has been subjected to a great 
pressuro normal to the conspicuous foliation. The garnets have been 
cracked and crashed out, so as to haTe become elongated ovals in 
shape. A glance at the diagram will render a more minute descrip¬ 
tion needless, and will show that the garnet was more or less flattened 
put before it broke. The quarts grains also are orackod, being some¬ 
times only a little, sometimes me oh displaced 1 . This mineral, however, 
does not appear to have been so completely crashed up as in tlto Tau 
Tetnuld schist. Occasionally a small grain, adjacent to the (original) 
f el spathic constituent, has escaped altogether. The- felspar has, 1 
1 elieve, often been crushed out, and then oonverted into the above- 
named microlitluc mineral. The larger mica flakes are twisted about 
in the manner usual in a rock which has been crushed. Study of 
this slide seems to me to show conclusively that this rook, anterior to 
the crashing, was a moderately coarse crystalline rook, consisting 
chiefly of quartz, felspar, biotite, and garnet, probably a rather mica¬ 
ceous gneiss. 



Oaraet, squeezed out and crafted | anrroundod by biotite, quarts and the fibrolitic 
mineral. * 25 diam. 


Guluku (D).—A small fragment of a micaceons granitoid rock. 

Except for the greater abundance of biotite and tho smaller amount 
of quarts this rock is closely allied to the next described j tho felspar 
is a little more decomposed, and small garnets are rather more 
numerous. With these modifications the description given below 
applies here, and this rock, too, has evidently undergone about a similar 
amount of mechanical disturbance. Another small fragment from 
about the same level contains more white mica, but as the general 
aspect suggests no important difference, and it is not a very promising 
specimen, I have not had a section made. This oocurs at a slightly 
lower level than (B), and the two are about 100 feet below (A). 
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Oulvlu (F)—Section from one of two specimens representing 
numerous large blooks of granite fallen from west side of Gnlnkn 

This is a fairly coarse grained rook chiefly consisting of a white 
felspar and dark mica, not nch m quarts The mica is mainly 
biotito in good pieservation There is also a certain amount of a white 
mica whuh appears to bo an ongmal constituent and to belong t > 
the muscovite group. The felspar is occasionally replaced by kaolimte 
and micaceous minerals, but much of it ib m good prtsei ration, 
sometimes one part of a ciystal is reduced to an ‘ eirthy ’ condition, 
while the rest is quite fresh Most of the oijstals show the twinning 
of plagioclose, generally on the albite type, but occasionally on the 
penclmo One of the grains appears to bo microcliue I havo 
measured the extinction anglea of several parallel lunaellas, it is 
difficult to get veiy satisfuctoiy results, bat, as m two of the best 
cases, thty appear distinctly too laige for albite, between 30* and 40°, 
the felspar is probably ohgoelase There are two. or three small 
eolouileas garnets, with, piobibly a little apatite The-quarts' contains 
cavitus,.in which small bubbles aie usually present, about one sixth or 
one-seviutli of the volume 

This rock has evidently been subiactod to a certain amonnt of 
mcchnmcal distuibanoe since its consoli latuon The quarts' grama 
aie ciackod and show stiain polansatiou The felspai Hmollte are 
oceaMouully bent, now and then ciaeked across, but the effects are 
alight compared with the other cases 

Mr Donkin also collected a specimen some miles fuitlicr down the 
valley whuh resomhlcd the rock in a nughbouung cliff This ap¬ 
pears to be a ioddish lather fine grained felspathic giunite, but as it 
was not obtained »» svfu I have not had a slue prtpaied 

The evidence of these specimens does not appear sufficient to 
warrant auypisitue statement as to the otigin of those Caucasian 
locks The stiucture of one (D ) booths rather to favour the idea of 
its having boeu a tine granite (t e , an ignoous rock), the same is 
true also of (i) , while in another (II) there is a structure, whuh 
I have some icason to think eliaiacteustic of tho Archaean gneisses * 
But m the piesent state of our knowledge it would be unsafe 
to roly tor much upon the latter criterion, becauso we do not 
yet know wliat modifications may be introduced by subsequent re- 
auangement of mineral constituents It has indeed been pioved in 
the ease of hoinblendio rocks, that tho original structures, character- 
istie of crystallisation flora a state of fusion, may be wholly obliterated, 

• The same difficulty exists in the case of some of the more highly orjslalline 
rock* of the Alps Favre (' Rechenhee—Cliatne du Cauoase,’ p 70) states thit the 
central part of the Caucasus u ‘ granite ’ which he compare* with the protofane of 
the Alpe, with a considerable belt of crystalline schists on the north and an inter¬ 
mittent one of the same, followed by slates, on the south 
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the mme may take place also with granitic rocks Still, even if this 
mole of metamorphism has occurred, theie is some leoson to believe 
that it dates usually, if not invarmhiy, from a very remote period 
We tan, however, in my opinion venture to assert that these Cau¬ 
casian l icks, after thoy hail assumod a crystalline condition, under- 
wmt groat pleasures regional rather than local in their operation, 
which to mme extent < rushed the constituents and gave nsc to cer¬ 
tain mint nl changes It BOcms then a legitimate inference that in 
this part of the Caucasus, as m the Alps, the fundamental rocks con¬ 
sisted of crystilline locks of more than one type, at a period long 
antei lor to the operation of the pressures which folded this part of 
the caith's crust an 1 uprtartd the mountain lange 
•(H) Iht huge mass of Libras appeals to consist mainly of \olcamc 
rock, and is crown*d by two ciater peaks almost equal in height Of 
these tho eastern which is believed to be very slightly the lowei of 
the two was ascended for tho fiist tune on July 31st, 1808 by Messrs 
Fitslifiild and Moon On this occasion tho western summit was so 
entirely cone aled by clouds that its existence was not even suspected 
The western summit was fiist ascended on July 2)th, 1874, by 
Messis Giove and Walker Its “crater considerably exceeds in sire 
that on the twin sninmit, and is probably abont J of a mile in 
diameter Tho wall is perfect for some two thuds of its fortnei 
cucutt, but on the south west side a vuat piece has fallen away, and 
a gieat glacier now flows down from the gap’ I he little peak 
forming its highest point, juts up on the north eastern segment of 
the limb Its height above the sea, according to the Russian survey, 
18 18,52b feet, the eastern summit being 95 feet lowei Ihe col 
between the two summits, according to Mr Grove, is abont 17,350 
feet The specimen collected by Mr Walker was from the highest 
rocks tiaveised on the western peak, peihaps about bait way between 
the col and the summit It is a lough slib of a gtoy lava, with 
occasional small irregularly shaped vesicles, and scatteicd crystals of 
a whitish felspar up to about £ inch in length The weathered paits 
are of a lightish-brown colour 

Microscopic examination shows that the rock has a clear glassy 
base crowded with minute lath like felspar microlitbs, apparently 
oligoclase, and occasional specks of opacite and aggi egates of femte 
possibly some minnto granules of a pyroxenic mineral are present 
To the same epooh of consolidation may belong some occasional 
elongated crystals of a light-coloured hornblende, but this is uncertain 
—there are a few grains of iron oxide, probably hematite The largei 
crystals m the slide certainly belong to au anterior consolidation—these 
are (1) a dark brown hornblende, often with rounded outline, and 
sometimes blackened with inoluded opacite, (2) a felspar, which 
generally resembles labradonte or audesine, but in one or two oases 
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may possibly be sanidine. It is often rounded or brokon in outline, 
is always greatly cracked, and contains many inclusions of a pale 
brown glass. One grain, indeed, consists very largely of glass, in 
which the crystalline parts are, so to say, omhedded. TIiib suggests 
that the mineral has been meltod down in situ along the linos of 
natural fracture, rather than that it has incorporated the glass in 
crystallising Thore are occasional cavities in the felspar, with 
babbles varying in their relative me, which do not move. Grains 
of qnartz, as observod hy Tschermak (‘ Mineral Mittheil.,’ 1872, 
p. 108) in specimens brought by Favre from the lava streams lower 
down the mountain, do not occur in this specimen. A fluidal structure 
is barely indicated. Tho rock may bo named a hornblende-andesite. 
1 have compared the slide with one from the upper part of Ararat 
(lent me by Professor Judd), and with tny own collection of andesites 
and allied rocks from Auvergne, Germany, Hungary, Ttnly, Old 
Providence Island, and the Andes, but it differs vamtally from all. 


III. “ On tho Distribution of Strain in the Eaith's Crust resulting 
from Secular Cooling, with special Reference to the Growth 
of Continents and the Formation of Mountain-chains.” By 
Cbaruw Davison, M.A., Mathematical Muster at King 
Edward’s High School, B'nninghain. Communicated by 
Prof. T. G. Bonney, D.Sc., F.R.S. Received April 7, 1887. 

(Abstract.) 

The piper is founded on — 

1. Sir W. Thomson’s and Professor G. H. Darwin’s researches on 
the rigidity of tho earth. 

2. Sir W. Thomson’s investigation on the secular cooling of the 
earth. 

3. The contraction theory of mountain formation. 

I. The Distribution of Strain in the Earth’s Crust resulting from 
Secular Cooling. 

The following problem is solved:—A globe, of radius r, is sur¬ 
rounded by a number of concentric spherical shells, called A t , A fl 
A,. . .., of thickness a,, a* a,.... resjiectively. The globe remain¬ 
ing at its initial temperature, the shell Aj is cooled by tj°, the shell Aj 
by if, in the same time, and so on. The linear coefficient of expan¬ 
sion being s, and the same for all the shells, it is required to find the 
distribution of strain resulting from this method of cooling. 

An expression is fonnd giving the change of radius of the inner 
snrfaoo of any shell. Supposing all the shells to be of equal thiok- 
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ness a, the change of radius of the inner smfaoe of the shell is 
proportional to 


(r-t-nn) 1 


, [(r+»«)'(*■+,—*«) + (r+n-1 a)\t „—+ 


+ (r+«/(<!— ti) d-rfy] 

1 1 , if tho shells be infinitely thin, to 


{r+na)* f ** dn *• 


( 1 ) 


U) 


t b'-ing propot tional to the rate of cooling of any sholl 

If this expression be positivo for any shell, the shell is stretched, if 
negative, it is crushed or folded 

1 o apply this problem to tho case of the earth, the law of cooling 
taken is that which follows from bir W Thomson’s solution, in Ins 
memoir on tho secular cooling of the earth 1 he expression in the 
form (2) proves unserviceable, and therefore the expression (1) is 
made use of as follows — 

taking the time since solidification provisionally at 174 240 000 
years, it is shown that the rate of cooling ( dv/dt ) is piactically insen¬ 
sible at a depth of 400 miles 1 he radius of a sphere equal to the 
eaith in volume being about 3959 miles, the earth is supposed to lie 
constituted as follows —A central globe S559 miles in ladius, at tho 
initial tempcratuie of the eaitb, whuh as jet has not sensibly 
cooled, sunonndod by 400 concentrio spherical shells, each one mile 
in thickness, tho rate of cooling m each shell being unifirm through 
out, and equal to its value at the outei surface at that Bhell 

1 he results of the caleulati in are shown by the curve in the figure 
accompanying the paper, and the following conclusions are deduced, 
taking tho time since consolidation provisionally at 174 24 J,0<J0 
years — 

1 Folding by lateral pressure takes place only to a ceitam depth 
(abont live miles) below the earth’s surface, and below this depth 
changes to sketching by lateral tension 

2 Stretching by lateral tension, inappreciable below a depth of 
4JO miles, increases from that depth towards the surface, it » 
greatest at a depth of 72 miles (i e, just below the depth at which the 
rite of cooling is greatest), alter this it decreases, and vanishes at a 
depth of abont hve miles 

3 Folding by lateral pressure commences at a depth of abont 
five miles, and gradually increases, being greatest near the surface of 
the earth 

No great importance is attributed to the numerical results The 
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conclusions aro given for their qualitative rathei than their quantita¬ 
tive value They depend also on the assumption that the earth’s 
surface is smooth and spherical 

Ihe f illoaing laws are also shown to be approximately true — 

1 Tho depth of the surfaio at which folding by lateia 1 pressure 
lamshes, and the depth of the surface at which stutchmg by lateral 
tension is greatest, both incieaso as the Rqnaie loot of the time that 
has elapsed since the consolidation of tlm globe 

2 Folding by latcml pressure was effected most rapidly in the early 
epochs of the world s history as a solid globe and aim e then, the 
total amount of rook f ildol m any given time decreases nearly in 
proportion as the square root of the time increases 

3 A law, similar to No 2, for stietching by lateral tension 

II The Ra 0 Ftehei't Argument on the Insufficiency of the Contraction 

Theory 

The argument is described (see 1 Phil Mag ’ for Feb, 1887) It 
is shown to lie inoonclnsive on the following giounds — 

1 It assumes that the cooling of the eaith to its pusent condition 
was instantaneous 

2 If instantine >us cooling were possible there would, it is shown, 
be no folding at all, but only stretching by lateral tension 

3 It assumes that the Bai th’s surface was initially smooth and 
sphoncal, whereas Professor B Peine and Professor G II Darwin 
have both shown that vast continental wrinkles would be formed on 
the surface of a once viscous eaith by the diminishing velocity of 
rotation resulting from tidal friction 

III The Effect* of Crutt-ttrrtchinq and Folding on the Evolution of the 

Earth'* Surface feature* 

1 Owing to the pressure of the continental masses, crust stretching 
by lateral tension takes place principally beneath the rfcean-basins, 
then fore deepening them and contributing to their permanence This 
effect must have been greatest in early geological periods, when the 
surfaoe of gieatest stretching was close to the surface of the earth 

2 In another part of the paper it is shown that the amount of 
ornst-stretchmg is considerably greater than the amount of crust- 
folding, duo directly to so< ulnr cooling Folding beneath the ooean- 
bed will therefore do little but diminish its rate of subsidence The 
effects of folding in changing the forms of the earth’s surfaoe features 
must be most apparent in continental areas, especially along those 
ouaats where the slope towards the ooean-depthe is most rapid (» «, 
in the districts where earthquake and voloamo action are known to be 
most prevalent) In the ooast regions, also, the products of conti- 



828 The Geological Bearing of Mr Danitone Paper. [May'S, 

nental denudation are chiefly deposited Hence, the continents grow 
by the formation of mountain-chains along then borders 

3 The rate of mountain-making, and therefore oIbo that of conti¬ 
nental evolution, diminishes with the increase of the time 


IV “ Note on the Geological Bearing of Mi Davuson’a Paper” 
By T G Bo\n?y, I) Sc , LL D , F R 8, Professor of 
Geology in Umv ersity College, London Received April 7, 
1887 

The rtsnlts obtained by Mr Danson throw light upon one or two 
matUrs in regard to the petrology of the older rocks, which have 
alwa) s appeared to me difficult ol explanation 1 venture therefore 
to add a brief note to his paper, written fiom the point of view of a 
geologist He throws light especially on the fi Honing matters — 

(1) Among the older rocks the gieat foldings and thur lesultn, 
such as (leavage, appear to h^vo occurred when the beds formed the 
uppei lajeis of the earths crust Ihns the Oidovician rocks of 
Ninth Wales were cleaved anteuoi to the deposit of the Silunan, 
the Carboniferous, and other Pal boo zoic rocks of South wist 
Britain and Bntanny were plicated and eleavid, geologically 
spiaking, shortly after their deposition The great foldings in 
the Scotch Highlands occurred, in great pait at least, in Siluimn 
time The disturbance of the Lake Distnct rocks resulting in 
cleavage, must be placed between the ond of the Silnnan and the 
very beginning of the Carboniferous, that of Southern Scotland, 
between perhaps yet narrower limits The first epoch of mountain 
making in the Central Alps, with its plication and cleavage, imme¬ 
diately followed the deposition of the Eocene rocks Ihe list might 
easily be extended 

(2 ) Thtf crystalline substratum often appears to be less modified than 
the overlying softer and more recent bods This I had attributed to 
the greater resistenoy of the formor, but then could not se* how to 
explain the foldings of the latter, if the others were comparatively 
uncompressed This, however, acoords with Mr Davison’s results of 
the diminishing effects of compression, while the fact thst in early 
geological times the “ neutral sone ” betwee n compression and tension 
was comparatively near the surface of the earth, mav explain the 
frequent parallel arrangement of the minerals in the older Archaean 
gneisses I do not now refer to the more marked changes, such as 
the intercalation of calcareous or micaceous tooks, of more fclspathio 
or qnartsose layers whereby a stratification is simulated, if it be not 
recorded, but to tbe fact that icry often a general parallelism may be 
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noted in the flakes of mica or any other mineral of somewhat like 
foim scattered through the mass of the rock) sometimes apptoximating 
to a banding of the constituents, without any indication of tins being 
the result ot crashing In regard to this paiticnlai structure, it is 
worth notice that it often lies in planes making a low angle with the 
horizon 

(3 ) The same tesult may help to explain the uBsei tion so fieqaently 
made, that among the older rocks the foliation (or minoi mineral 
banding) i« commonly parallel to the ( apparent) st ratihcation (or 
major mineral h indingt 1 his also I have noticed in casus wt ere 
either thore was no indication of subsequent crashing, or the latter 
bad not eff iced, and its offe tsec uld bo dt tinguished fioni the eailiur 
structure of the rock I onee supposed this parallelism ami te deucy 
to boncontality to be duo to the weight of superimposed bt(Is but for 
some time have been dissatisfied with this explanation, bee case I could 
find no evidence that any heavy buidcn had been laid upon the older 
rocks till long after they had assumed a foliated strut tun lension, 
however, would probably produce the structnio at least as teadily as 
pressure, and the formti of course would, as a ralo, act [aiallcl with 
the surface of the earth's ciust while comptcssion should be exhibited 
commonly in planes making a high angle with it 


V. “ Note on some Experiments on the Viscosity of Icc * By 
J F Main, MA, DSc Communicated by Pi of W. C. 
Unwin, F.R.S. Received April 13, 1887. 

(Abstract) 

The paper contains an account of some experiments on tho con¬ 
tinuous extension of bars of ice subjected to tension, made during 
the last winter m the Engadine To eliminate the influence of rege- 
Jation, the expel lments bavo been earned on at snch low tempera tut es 
as preclude the possibility of any effect being produced by this cause 
The highest temperatures dunng the experiments were —2b°C in 
Experiment I, —10°C in Experiment 11, aud —0 5°C in Expe¬ 
riment 111 Those maximum tempt ratuies only obtained for a very 
short time on one or two days 

lhe bars were tested in a compound lever testing machine with 
accurate knife edges, the load being a known weight of shot The 
whole apparatus was tnolosed in a double wood box A delicate 
thermometer graduated to tenths of degrees, attached inside the box, 
gave the temperature at any given time, and the range of variation 
of temperature was recordod by two maximum and minimum ther¬ 
mometers, fuel inside td the mof of the inner box To obtain use 
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free from air water wa* boiled and then frozen It waa then melted 
and again frozen in a monld Some difficulty was found in holding 
the ire bars in the testing machine The mode which answered best 
was to free/e the ends of the ice bai into conical metal collars, which 
fitted the shackles of the machine Extensions were measured by 
verniti c illipers leading to one fiftieth of a millimetre between marked 
points on the m< tal collars To determine if any appreciable effoct 
was due to distortion of the enlarged ends of tlio bars in the metal 
collars puces of paper were gnramed on the ice and the extensions 
also measured between fine pencil marks on these puces of paper It 
was found that nearly all the strotchmg obaeivtd in measuring 
b"tween the metal collars was duo to strotchmg of the bar of ice, and 
only a\eiy small pait to shearing action in the eollais In oonse 
quonce of rapid evape ration fiom the surface of the ice bar, the stross 
with a fixed load on thu lever mcieased fiom day to day 

Three experiments aio given on bars initially about 234 mm m 
length loaded to (dresses of from 4 3 to 2 0 kilos per Bquare cm 
and lasting from four to nine days 

Tho three experiments show that 100 subjected to tension stretches 
continuously by amonnta which depend on the temperatnre and the 
tensile stress When the stress is gieat and the temperature not very 
low, there are extensions amounting to 1 per cent of the length per 
day So continuous and definite is the extension, that it can even be 
measured from hom to hoar These extensi >ns took place at tem 
peratuies which preclude the possibility of melting and regulation 

The author hopes that on resuming the exponments next winter 
at St Moritz he may be able to determine more exactly the 
law of the extension He has shown already that the extension 
increases continuously with all stresses above 1 kilo per square cm, 
and at all temperatures between —6°C and freezing When ice 
is in a condition such that the point of a needle will cause a set of 
radiating fractures to pass fiom the point of contact m all directions, 
it atrotchcs as certainly, though not by so gieat an amonnt, as when 
it will permit the passage through it of the Bame needle without 
showing flaw or soar 

In the first experiment there was a total extension of 11 mm in 
nine days, in the second of 1 8 mm in five days, in the third of 
1 7 mm in three dayB If we assume the extension proportional to 
f he time, there was a mean daily extension of 1 2 mm , 0 36 mm, and 
0 56 mm respectively The stress in No 1 was greater than in 
Nos 2 and 3 and the temperature not so very low in the day, though 
low at night In No 3 there was a low stress, hut comparatively 
high temperature 
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YL “ The Tubercular Swellings on the Roots of the Legu- 
minoseaB.” By H. Marshall Ward, M.A., F.L.S., Fellow 
of Christ's College, Cambridge, and Professor of Botany 
in the Forestry School, Royal Indian College, Cooper’s Hill. 
Communicated by Prof. M. Foster, Sec. R.S. Roceived 
April 25, 1887. 

(Preliminary Note.) 

The author finds that the tubercles on the roots of the Legu- 
minose® ore duo to the action of a parasitic fungus. Not only has he 
produoed tho tubercles by infection from without, but ho has also 
found the infecting agent, and repeatedly Been and figured the infect¬ 
ing hypha passing down inside a root-hair and across the cortex of tho 
root into the young tubercle, Hero the hyplial brandies bud off 
yeast-like cells, which aie extremely minute and numerous, and 
resemble bacteria at first sight; thoy differ in their modo of multi¬ 
plying by budding. 

The action of these minute germ-liko bodies causes tho protoplasm of 
the cells of tho root to assume plasmodium-like characters, and 
induces tho flow of nutritive substances to those cells, and hypertrophy 
results. On the decay of the tubercles, tho germ-like bodies pass 
into the soil (where they can always be found) and infect other roots ; 
it is very probable they may be of extremo importance in agriculture. 


VII. "TheProtcidsof the Seeds of Alrutpreeutonxu (Jeqnirity).” 
By Sidney Martin, M.D. Loud., Fellow of University 
College, London, and Pathologist to the Victoria Park 
Hospital. Communicated by Prof. E. A. Schafer, F.R>S. 
(From the Physiological Laboratory, University College, 
London.) Received April 21, 1887. 

The proteids of the seeds of Abrus, the Indian liquorico, are im¬ 
portant physiologically, because thoy have been shown (by Warden 
and Waddell*) to be possessed of poisonous properties. To the 
poisonous product extracted by theso observers the name “ abrin ” 
was given; and though it was decided that abrin was closely allied to 
“ plant-albumin," yot no experiments were reoorded to show whether 
the product was a mixture or a single proteid. They obtained it by 

* ' The Non-bamlUr Nature of Abrui poison.’ By C. J. H. Warden and L. A. 
Waddell. Caloutts, 1884. 

VOL. XLII. 2 B 



832 Di S Martin On the [May 5, 

malting a wateiy extract of the crashed seeds and precipitating with 
aloohol, the precipitate being afterwards collected and dried 

Before proceeding to an examination of the physiological action of 
the jeqmnty, it stemed to me desirable to determine tho kind of 
proteids pit Bint in the seeds and the present communication em 
bodus the results of the lnquitics msdo with a viow to snch deter 
mutation 


M tlol f Lxh utton f the Proteids 
The mithol nsed was based on the supposition that the proteids 
present m Abrus woe snnilai to th iso m otlnr seeds, consisting 
chiefly of pn teids of tho globnliu and nlhumose classes 

The finely ground seeds wue shaken fust of all with ililiroform to 
remote tho red cntnle which sinks in this liquid so that the yellow 
kernel powdei conld bo leadily i emoted and obtained in the dry state 
by allowing the chloroform to ov apoi ite 

Tho powder obtained wus then exti acted with 15 per cent sodium 
chlonde solution for twenty four houin and the mixture faltered The 
yellowish filtiate was distinctly aoid and gave a c ipioua precipitate on 
boiling lhe pioteids weie sepal ited fiom this filtiate in two 
ways — 

(1) Sat uiation with nential ammoninm sulphate and shaking for 
foni hours throws down all the proteids in solution the filtrate, after 
saturation, giving none of the proteul tests 

(2 ) Saturation with sodium olilmde and shaking for many hours 
gives only a scanty pieeipitate, which becomes copiouB on adding a 
large excess of glacial lectio acid All the proteids are only with 
difficulty precipitated by this inode of satm ition c\on after piolongod 
shaking 

foinoe ammonium Bulphato bo readily throws down all the proteids 
in soluticn the precipitate caused by it was used in the following 
manner in the examination of the proteids —lhc precipitate was 
collected and dissolved by adding distilled water, and the solution 
dislysod in lunning water (with thymol) for five to seven days 

Dialysis caused a copious precipitate which was collected and 
washed with distilled water (pievionsly boiled to rtmo\o carbon 
dioxide) until no pioteid in solution wus piesent in tho washings. 
The piecipitato was then dried ovei Bulphuno acid The residne was 
in dark brown scales It couBisted of globulin with some oolouung 
matter 

It is not possible to remove all the globulin by dialysis, so the 
liquid, after dialysing for seven days, was filteicd into rectified spirit, 
which precipitated the remaining pi ot< ids After standing under the 
alcohol six to eight weeks the globulin was coagulated, and the preoi- 
pitate was collected, dried, and tuated with distilled water, which 
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■dissolved oat a pi oteid Thu proteid u an albumose The chlonde 
of sodium method may be used instead of the ammonium sulphate, it 
takes a longer time, but gives products freer fiom colouring matter 

For chemical examination, the alhumoso is readily ptepared by 
boiling and filtering an aqueous infusion of the seed The globulin 
is coagulated while the albumose lomains in solution 

Properlu « of the Globulin 

1 It u insoluble in distilled watci, bnt leadily soluble m 10 to 15 
per cent sodium chlondo or magnesium sulphate solution , soluble to 
a less extent in 5 pei cent sodium chlonde solntion, and scaicely at 
all m 0 75 per cent 

2 It is completely piecipitated from solution by sitmalion with 
sodium chlondo afbei slightly acidifying, and with ammonium 
sulphate, wliethei tho solution be neutral, acid, or alkalino 

3 It is coagulated by boat in 10 pm cent magnesium sulphate 
solution, between 75° and 80 0 , the liquid being mado distinctly 
acid, in 10 per cent sodium chlondo, between bb” and 7 1* C 

4 When the solntion m 10 per cont sodium chloride is placed m 
the incubatoi at 35° to 40" C , and allowed to nmain twenty tom oi 
even foity eight hoars, no precipitation occnis , a reaction m marked 
•contrast to that given by some vegetable globulins In its high 
■coagulation temperature, and in its non-precipitation from solution bj 
prolonged exposure to a model ato hoat, abrus globulin agiees with the 
proteid I have described in tho juice of the fiuit of Cant t papaya, 
which, from its resemblance to bci urn-globulin, 1 have culled vege¬ 
table paraglobuhn * Tho vegetable myosins occumng in the cereals, 
wheat, rye, and barley, have a lower coagulation temperature thau the 
garaglobuhns, via , 50"—55° C , and are precipitated from solution and 
rendered insolnblo by a piolongtd exposure to a temperature of 35°— 
40° C f 

Properties of the Albumose 

1 Soluble m cold oi boiling distilled wator Its chemical and 
physical properties aio not apparently altorod by boiling its solution 

2 It is not piecipitattd fiom solution by saturation with sodium 
■chloride unless a large excess of glacial acetic oi phosphonc acid be 
added It is readily precipitated by saturation with nenti il ammo¬ 
nium sulphate 

3 It does not form an albuminate 

4 Nitric acid doos not precipitate it in a watery solution, bat a pre¬ 
cipitate falls if solid sodium chlonde be added neatly to saturation 

• ' Nsture ot Papain 4c Journ of Physiol,’ vol 0 p 953 

* Physiol Soc Proo ’ Feb 12 1887 

2 B 1 
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5 Acetio acid causes a cloudiness, which is increased by potassium 
ferrocyamde 

6 Copper sulphate and baaio acetate of lead cause precipitates, 
soluble in excess , mercuric ohlonde, a piecipitate insoluble in exoess 

7 Coppei sulphate and potash give a pink oolor&taon (biuret 
icaction) 

h or the albumoscs occurring in the vegetable kingdom I have 
propose 1 the name pfojtalbnmoaet, as they differ in many respects from 
the animal varieties 

The phytalbumose in Abrus is closely allied to Kuhne and Chit¬ 
tenden s deutiro albnmoso,* and identical with the a phytalbumose 
occurring in the pa paw pice f 

There arc therefore, two proteids in the seeds of Abrut piecatonut r 
a vegetable paraglobulin and « phytalbumose In conjunction with 
Or Wolfenden I am now engaged in investigating the physiological 
action of each of these proteids, and hope soon to publish the results 
Vor the present it will be sufficient to call to notice the close resem¬ 
blance botween the proteids of the papaw juioe and those of jeqmnty, 
sinoe their physiological action appears to be in many tesptets similar 


VIII “ On the Diameters of Plane Cubics Preliminary Notice ” 
By J J Walkfr, F R S Received Apnl 21, 1887 

I showed gome time back (‘ London Math Soc Proc,’ vol 10, 
pp 184-5) that the Newtonian diameters of a plane onbio («) 
envelope a conic, called hereinafter its “ centroid, ’ the equation of 
which, if in the system of co ordinates chosen the line at infinity be 

f* + 7y + f* = 0, 

is generally * 

f iK« <Pu VI. , <>„r( eft* <?u \ 0 

C I dy l d* \dydt) J T ^\dtditdzdy da? dy d»J~ 

The “ centroid hap the same “ criterion fnnotion, ’ but with 
changed sign, as the cubic, vis, it is equal to minus one fourth of 
the reciprocal of tt, with the substitution of for affr/, i e , if u be 
written 

B = a* , + 5y* + M s + + Gexya, 
the criterion function is equal to 

-(W+ )/4, 

* Kfthne sad Chittenden, XJeber Albamoeen ZeiUchr far Biotope,’ 
vol JO 

t Nature of Papain 4c Joan of Pbytiol vol 0 p 344 
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eo (hat the centroid cats the line at infinity in two real, coincident, 
or imaginary points, accoiding as two of the three intersections oi 
the cnbio with that hno are unreal, coincident or real 

The discriminant of the centroid is, similarly, equ il to minus one 
fourth of the square of the “ Cayleyan ” of the cubic, with the same 
substitutions 

A diameter is the locus of mean points of a system of parallel 
ohords, which may be called “ its " chords, but through any point 
pass two chords which have that os mean point Considering the 
points then on a given diameter, its own chords through those points 
are all parallel to the polar of its own mean point with lespect to the 
“centroid,” which polar is itself a double choid, the nth r system of 
ohords touch a parabola which is touched by the diameter itself at its 
own mean point, viz , for that point the diametci is itself the ohord 
of the second system, and the connector of that point with the centre 
of the “ centroid ” is a diameter of the parabola lo eveiy diameter 
of the oubio corresponding to a parabola, the cm elope of all these 
parabolas is a quaitio curvo, while the double choids which an 
otheiwise distinguished as those having their mean points on the 
“ centroid,” cnvelopo a second cuspidal quartic 

Tho locus of the mean points of the diamettns of the cnbio ib a 
second cubic, having a node at the centre of the “ centroid,' and its 
asymptotes as its nodal tangents Every diamotei cuts this cubic m 
its own mean point, and the mean points of two othei diameters, 
and this latter pan of points are harmonic conjugates with respect to 
the first and the point of contact of tho diameter with the ‘centroid ” 
If the “ oentroid ” is an ellipse its centie is mei ely an acnode, oi 
conjugate point, on the locus of mean points of diameters 

The elhptio cnbio—that which has only one real point on the line 
at infinity—has two real conjugate diameters, * e , diamcteis each of 
which is the locus of mean points of ohords parallel to the other, vis , 
the asymptotes of the (then hyperbolic) “ oenti oid ” 

In the case of the parabolic cubic, the " oentroid being a parabola, 
the preceding statements lequire some modification viz, the en¬ 
velopes of the double chords and of the parabolas connected each 
with a diameter of the cubic in the manner above described, degenerate 
from qnartios into parabolas, and on each diameter there lies only the 
(finite) mean point of oue other diameter, this being the mid-point of 
the segment between the mean point of the diameter itself and its 
point of contact with the “ centroid ” 

The above are fundamental properties of the diameters of cubic* 
Some of them might have been stated more generally of the second 
polar# of points lying in any right line, but it has been thought 
proper in this notioe to limit the statements to the diameters only, 
nz., the seoond polars of points lying on the line at infinity 
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Transactions 

Amsterdam —Komnklijke Alcadomie van Wetenschappen Ver 
handehngen Afd Natnurkunde Deel XXV 4to Amtterdam 
1887 Verslagen en Mededeelingen Afd Natunrknnde 
ie Reeks Deel 2 8vo Aiuterdam 1880 Ditto Afd Letter- 
knnde ie Reeks Deel i 8vo iw/mla n 1887 Jaarboek 
188 j 8vo Amsteidam [1887] Judas Machabaeus et Nnptai 
al Amicam (Pnjsveis) 8vo Amst lodami 188b 

Tho Academy 

Batavia — Bataviaasch Gonootschap van Kunsten en Wetenschappen 
Notulen Dool XXIV Afl 4 8vo Ratal ta 1887 Catalogue 
dei Archeologisohe Veiramelmg 8vo fiatuia 1887 

The Society 

Leipzig —Astronomisohe Gesellschaft Viciteljalirsschnft Jahr- 

gang XXII HLft 1 8vo L qzxg 1887 Tho Society 

London —Institution of Civil Engineers Minutes of Proceedings 
Vol LXXXVIII 8vo London 1887 The Institution 

Royal Statistical Society Journal Vol L Part 1 8vo London 
1887 The Society 

Manchester —Geological Society Transactions Vol XIX 

Parts 5-7 8vo Manchester 1887 lhe Society 

Moscow —Societo Imptnale des Naturalistes de Moscou Bulletin 
Annee 1886 No 4 Annco 1887 No 1 8vo Mostou 1887, 
Meteorologische Boobachtungen ausgefulut am Metcorolo 
gischen Observatomun dor Landwirthschaftlichcn Akademie 
Jahrgang 188fa Zweite Halfte Obi 4to Moskau 1886 

The Society 

Pans —Soci6te Fran fame de Physique Stances Juillet— 

Decembre 1886 8vo Pans 1887 The Society 

Raleigh (N Carolina) —Elisha Mitchell Scientific Society Journal 
1885 86 8vo Balexgh 1886 The Society 

bt Petersburg —Comite Giologiqno Bulletin Tome VI 
Nos 2 3 8vo fit P/tersbourj 1887 The Committee 

Toronto —Canadian Institute Proceedings Vol IV Paso 2 
8vo Toronto 1887 The Institute 


Observations and Reports 

International Polar Expeditions —Observations faites au Cap 
Thordsen, Spitsberg, par PEip4dition Suddoise Tome II 
1 Aurores BoiAales 4to Stockholm 1886 

The Meteorological Office 
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Observations, Ao (eonitnued) 

Die Osterreiohische Polarstation Jan Mayen Beobachtungs- 
Frgebnuse Herausg yon der Kaiserl Akad dei Wissen- 
Hchaften Band II Abth 2 4to Wun [1887] 

The Academy 

London —Colonial and Indian Exhibition 1880 Reports on the 
Colonial Sections 8vo I ondon 1887 

The Society of Arts 

Madrid —Real Observatotio Annario A5o III 8vo Madrid 
1862 Ano VII 8vo Madiul 1865 The Observatory 

Washington —Office of Comptroller of tho Cnirtncy Report 
1880 8vo Wuhinglon Thi Comptroller 

U S Geological Smvey Mineral Resources ol the United 
States, 1885 8vo Washington 1886 Ihe Survey 


May 12, 1887 

Professor G G STOKES, D C L, President, m the Chan 

The Presents received were laid on the table, and thanks ordered 
for them 

The following Crooman Lcctui e was delivered — 


Croonian Lecxure — ‘ On Paneataw ns bombxdens (Owen), and 
the Significance of its Affinities to Amphibians, Reptiles, 
and Mammals ' By H (1 bEELFY, FRS, Piolesaor of 
Geography in King b College, London Received Apnl 21, 
1887 

(Abstract) 

The author gives a short account of the literature of Parieaaanma, 
and describes a skeleton in the British Museum, reooived from the 
Karoo deposits of South Africa in 1878 
The head has the external bones pitted and grooved as m Labynn- 
thodonts and Crocodiles, and mnous canals are developed between 
the nares and orbits snoh as characterise Labynnthodontia The 
palate, as evidenced by Paneataurut semdetw (Owen), is essentially 
Anomodont in structure The dentition, with some distinctive features, 
approximates to that of Dinosaurs and Crooodiles, but though the 
teeth are in sockets they are cemented to the jaw by bone 
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The suture between the pre maxillary and maxillary bones u over¬ 
lapped by a tnangnlar sub nasal bone, and the pre-maxi Hanes are 
apparently small, as in Amphibians The maxillary bone has a row of 
large supra-dontal foiamina Tho malar bono is excluded from the 
alveolar bolder of the jaw Behind the orbits the bonos which form 
the cheeks are arranged as in Labyrmthodonts, and completely cover 
the quadrate bono as in Labynnthodontia and Ichthy opterygia They 
include the post oihital, post-frontal, squamosal, aapra-temporal, and 
quadrato-jugal, which is of large size The toof bones of the head 
are the nasal bonoB, pre frontals, ( p ) the anpra-orbital, frontal b, 
panetals, ( p ) supra occipital, and epiotic 

The occipital condyle, though imperfectly preserved, was single and 
formed by ono bone, whioh is named basi occipital, and regaided as 
being an inter central ossification of the vertebral colnmn, which has 
been received between the oxocupital bones of the Labynnthodont 
skull, but which has not penetrated so deeply between them as in 
typical Anomodonts The nearest appioaoh to this condition of tho 
occipital condyle is seen in lchthyosanins The composite character 
of the oenpital condyle in Anomodontia, Chelouia, Rhynohocephaha, 
Crocodilia, Sauropteiygia, Ayes, Ac ,is accoidmgly regarded oh due to 
the preservation of the original Labynnthodont exoccipital elements 
in union with the new basi occipital element And the mammalian 
Teturn to articulation of the skull by i xoocipital condy los is attributed 
to expansion of tho brain which caused the basi occipital bone to enter 
into the floor of the brain case 

Tho structuic of the palate is described, and shown to xescmbla that 
of Anomodonts, ceitain Labyrmthodonts, and the embryonic forms 
of existing Amphibia in which the paia-sphcnoid has not been 
ossified 

The lower jaw encloses a long chambei which extends beneath the 
teeth as in Labyrmthodonts 

The dentition is described, and is chiefly remarkable for the uniform 
character of the teeth, foi their distinctive shape, mode of union with 
the jaw, and leplacement by successions! teeth, which are developed 
as m Ichthyosaurs 

The skull is compared with the skulls of the types of P temderu 
(Owen) and P boT*b%den» (Owen), and the author concludes that 
there is no satisfactory dental character to distinguish the described 
species from each other, and rests their differentiation upon the 
forms, proportions, and atruotme of the head 

Comparison is then made of the cranial characters in which 
Paneasaurus resembles other animals, so as to show how far the 
Labynnthodont characteis are common to Fossil Reptilia, and 
how far the supposed Dmosannan characters may be otherwise 
regarded 
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The vertebral column comprise* 29 vertebra of which 18 are pre 
Moral, 2 sacral, and 9 caudal, though a few caudal vertebra may 
possibly be missing Crescentic intervertebral wedge bones are 
developed between most of the vertebra The nbs all articulate by 
double heads In the cervical legion both facets are on the centrum, 
and the nbs have long forks for the head and tuboicle which are of a 
Crocodilian character The neural arch is depitssod and expanded, 
and the nemal canal small The centrum is comparatively long, and 
the cervical vertebra pass into the dorsal senes in the samo way as in 
Plesiosaurs 

The dorsal vortebra aie nine m number Tlu. parapophyBes are 
somewhat elongated and the diapophysis foims a transvoise process 
which ts only separated from the post zygapophymal ndgo by a notch 
The neural spine is a shoit inverted cone noarly as wide at the snuimit 
as it is high T ho neural arch is nearly tinee times os wide as the 
oentinm is ling 

The dorsal nbs are in natural oontact with the veitfbra they are 
strong expanded vertically at tho proximal ends and directed hon- 
sontally outward befoie they cmve backward In the last dorsal the * 
parapophysis is very small The ribs closilj ioscml>]c those of 
Crocodiles and Labynnthodonts T here is one lumbar vertebra with 
long transverse processes 

Two vertebra are anchyloaed together in the Bacral legion but the 
seoond does not differ in form from the oarly caudal, and the pelvis 
u supported by the first vortebra of tho sacrum The sacral nb 
has a massive development so as to extend along much of the 
length of the ilium this nb is compared to that of tho gieat Sala¬ 
manders Tho same mode of support for the pelvis is found among 
the Anomodontia Tho llinm has a mammalian form and position, 
lying almost entirely m advance of the acetabulum but there is no 
close correspondence m foim with any mammalian genus 

The caudal veitebraa rapidly dimmish in size, and show no trace of 
a notochordal oondition The neural arch is leduced in width Small 
can dal nbs were developed 

The form of the neural spine in the voi tebr il column ib suggestive 
of the recent Japanese Salamander, but as a whole the vertebral 
column has nothing in common with existing Amphibians 

The interolavicle and olanoles form an anterior bow, like that seen 
in Nothosaunana, towaid which the clavicular arch of the Iob- 
thyosaunan genus Ophthalmosaurus approximates m the mode of 
onion of the bones The interclaviole is a symmetrical A-oh^ped 
bone with its limbs diverging and directed backward The scapular 
arch is very massive, and appears to inolude coiacbid and scapula 

The only remains of dorsal armour preserved consist of relatively 
•mall and scattered bony scutes 
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There is no evidence of limb bones 

The other remains which have been attiibnted to Paiieasamns are 
referred by the author to a new genua named Phooasamns Thu is 
founded upon the ilium originally attributed to Paneasauiua, and the 
bones hitheito legardtd as the anchylosed scapula and coiaooid, are 
now regarded os the anchylosod pubis and ischium of the same 
individual animal to which the ilium belongs The ilium is intei- 
mediate between that of an Omithosaur and the ilium of a seal. 
The further detailed discussion of Phocasaurus is reseivod One 
ilium attributed to Paneasaurus is referred to Dioynodon 

Paneasauius is placed ui the snb-oider Parieasauna, which is 
grouped undei the Anomodontia 

On comparison of Paneasaurus with reputed Dinosaurs from South 
Africa, it is shown that although the teeth of Anthodon resemble 
those of Acanthopholis, the bones of the post-orbital region of the 
skull are ananged upon the Labynnthodont plan which charactoiises 
Paneasaurus lhoio is no evidence of the affinities of Tapinooe- 
phalus except the sections of the teeth, but since they are hollow and 
implanted as in Paneasaurus, it is probable that that gonus also is not 
Dinosaunan The only DinosauiB known from South Afnca are the 
geneia Orosaurus aud Euskclosanrus described by Professor Huxley 
in 1866 

Concerning the affinities of Paneasaurus, tho anthoi interprets the 
blending of Labynnthodont and Reptilian character on the hypo¬ 
thesis that Paneasaurus exhibits a transition from tlio Amphibia to 
the Beptilm Ihe animal is regarded as technically a leptilo , but as 
showing both in tbo skull and vertebi al column characters which are 
typically Labynnthodont, though they are toi tho most pait unknown 
among existing Amphibians Ihe Rcptilo oidor to whioh tho resem¬ 
blances oome closest is the Anomodontia And smoo the resemblance 
in the sacrum and pelvis amounts to absolute coincidence in plan, and 
in the palate to close approximation, it is inf ei red that the cranial differ¬ 
ences which separate Parieasamos from the Anomodonts aio no more 
important than those which distinguish the sknll of a tuitle from the 
Bkull of a tortoise, and that with the acquisition of the single basi- 
oocipital condyle there came about a gradual loss of the distinctive 
Labynnthodont characters But the Labyrinthodontia is a large 
group including many sab orders, some of whioh approximate to 
living XJrodoles, others to living Reptilia, and yet others to fossil 
Reptilia It is urged that the Ichthyopterygia foim the most pnmi- 
tive order, derivative from the Labynnthodont group, having lost the 
epiotio bones but retaining tbe post-orbital and supra-temporal with the 
covered quadrate betoe, that the form of vertebra m Ichthyosaurus with 
its articular tubercles for tbe nb, reproduces the vertebra of Eosaprus 
and Anthracoaaurus and other Labynnthodont*, while the dorsal nba 
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m the two groups are identical Similarly from the strnctnre of 
PaneasauruB and its affinities to Mesosauiuh, it is argood that the 
Nothosauna and Plesiosauna are closely related and sinco they have 
the long hones ossified as in existing Amphibians with the bioonoave 
vertebr®, double-beaded cervical ribs on the centrnm (in many genera), 
■with dorsal nbs rising to the neural arch and much in common in 
the clavicular and pelvic arches it is hold to be a legitimate inference 
that both the Nothohauna and Plesiosanna have undergone, with the 
acqn sition of tho baai occipital bone, a loss of Labyi mthodonl charac 
ten, which has removed from the skull eveiy technical traco of the 
group from which both of those orders are Hhown to huvo been denvod, 
by the Amphibian and Labyrinthodont charactcis which they have pre¬ 
served in other pai ts of the skeloton Similarly 11 is conclnded that the 
Croeodilia derive their typical characters from the Lahyrmthodontia 
The crocodilian skull preserves the anterior position of the nares and 
small size of the pre maxillary bones The temporal fossm an sub¬ 
stantially similar and the unosaified condition of the post orbital 
membrane in orocodilos accounts for the absence of tho post- 
orbital and supra temporal bones between the post frontal and squa¬ 
mosal bones above and the jugal and quadrvto jugal bones bolow 
While if those ossifications wero developed in tlie vacuity behind the 
eye the quadrate would bo completely hidden and the skull would be 
externally aa Labyrinthodont as that of Ichthyosaurus The number 
of pre saoral vertebras in crooodilos shows no great divergence from 
Paneaaanrus, while the mode of aiticulation of the dorsal ribs m 
Paneasanrus although not quite crocodilian, make a neat er approach 
to the crocodilian type than ib seen among other Koptilia and is so 
similar as to justify the conclusion which the skull suggests—that 
Croeodilia have been modified from a Labyrinthodont ancestry If 
this conclusion is admitted for the Croeodilia, it follows for the 
Dinoaanna also, since that group is essentially a parallel variation 
from the crocodilian type Tho Protcrosauna are already known to 
show many Labyrinthodont characters, combined with those of reptiles 
and mammals , and the nmilar Omithosamlan pelvis is essentially a. 
variation from that of the Anomodont, and would thus be an inherit¬ 
ance of structures which were of Labyrinthodont ongin Hence the 
Reptiha are to be regarded as related to each other as descendants 
from a common and varied ancestral type, and, therefore, the orders 
should be grouped in parallel rather than vertical or successive rela¬ 
tion to each other 

The mammalian characters of the pelvis and sacrum of Panea- 
sanrns and the other Anomodouts are quite as striking as the Avian, 
characters of certain Dinosaurs, and of the same kind of importance 
as evidence of affinity If the oommumty of structure of Iguuno- 
donts and Birds is held to establish a common ongtn for both groups. 
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then the community of structure with mammal®, whioh appear® m the 
pelvis in PaneasanruB and is variously developed w other parts of 
the skeleton in many allied genera of Anomodontia and Thenodontia, 
must similarly bo hell to establish a ctmmon origin for these 
mammalian and reptilian structures by inhei itance from amphibian 
ancestors 


Tho Society adjourned over Ascension Day to Thursday, May 26th 
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Professor G G STOKES D 0 L, President in the Chair 

The Presents received were laid on the table, and thanks ordered 
for them 

Professor Archibald Li^ersidge (elected 1882) was admitted into 
the Society 

The following Papers were read — 

I The Bakeiuan Lrcnnth —‘ On tho Diwiouation of some 
Gases by the Flcctnc Discharge ’ By J 7 IhomsOV, M A , 
F R S , Fellow of Trinity College and Cavendish. Piofessoi 
of Experimental Physics m tho University of Cambridge 
Rtceivod May 2h, 1887 

(Abstract) 

The gases considered aie lodmo, biomine chlorine and nitrogen 
tetroxide The effects of tho spark on iodine and bromine were in 
veetigated in two ways In tho first method the iodine was placed in 
a tube from which the air had been exhausted and which was 
furnished with a gauge which seived to measure the changes of 
pressure in the tube The liquid in the manometei was sulphuric 
acid, and m order to avoid any disturbance due to the absorption of 
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the iodine vapour by this substanoe, the discharge tube was doubled 
bo that the iodine vapour was symmetrically placed with reference to 
the sulphnno acid Ihe system was then placed m an oil bath and 
maintained at a temperature which vanod in different experiments 
from about 200° to 230 

On sparking through such a tube with an induction ooil giving a 
spark about 3 inches long in air, the ■pressuie rapidly increases at 
first but the iato of increase gradually diminishes and the pressure 
finally become s steady On stopping the coil by fai the grontei part 
of this inoioase is petmanent oi at any iate lasts foi several hours 
It is not due to the decomposition of the vapour fiom tho sulphniic 
acid in the gauge, fot it does not occui if theie is no iodine in the 
gauge or if the iodine is replaced by biomini Ihis mciease of 
pressuie can be produced by the silent discharge as woll as by 
oidmaiy sparking In oidci to simplify tho conditions as much as 
possible I had an ariangomont made by which instead of determining 
the incieiso of piessurc by the sulphnno acid gauge the vapour 
density of the lodim aftoi spaikmg could bo measured In thiB 
arrangement the iodine was nevu neai any snlphtmo acid 

Theiesult ot these determinations is shown in tin following table, 
and it is 8cin that the icsults confirm those obtained by the first 
method 

Unsparked lodino- 

1? rename 

440 

120 

Sparked iodine— 

C18 220 . 110 

420 21b 115 

lb6 214 84 

170 232 86 

In the last expei uneut the vapour density was determined 24 hours 
after the sparking 

Theso figures point to very considerable dissociation of the iodine, 
m fact the dissociation produced by the spark at 214° is as muoh as 
that produced by Viotor Meyer at the temperature 1 S70° C 

Tho appearance of the dissociated iodine is not greatly different 
from that of the nnsparked, its colour, however, is I think a little 
lighter and not so uniform I was not able to detect any change in 
the absoiption spectrum produced by the sparking The electric 
itiength of the sparked gas was however less than that of the un- 
sparked * 


(H 1) 

■Temperatuio Vapour density 

215 137 

214 130 
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Bromine. 

When the experiment with the pressure gauge is made with 
bromine instead of iodine, it is found that there is a considerable 
increase of pressure produced by the passage of the spark, but that 
this disappears almost as soon as the sparking, and on determining 
the vapour-density of tko sparked and unsparked bromine it is found 
that they are identioal. It seems most probable that the differenoo 
between bromine and lodino is not that the bromine is not dissociated 
by the spark, but that the atoms combine very much more quickly 
than the iodine atoms The vapour-denRity determinations showed 
that bromino vapour is dissociated if it is hoated for a long time at a 
low pressure, evon though the temperature is not very high. 

The results of theso determinations are giveu in the following 
table:— 


PreMuir 

Temperature 

Density 

Remark* 

473 

111 

80 


Mm 

106 

81 


430 

101 

80 


002 

116 

79 


643 

W1 

81 7 

Iu hath fur 2L Uouu 

816 5 

103 

78 


235 

109 

77 

Spark'd 

230 

100 

605 

In bath tor 1 hours 

165 

00 

77 

Only a short time m liatli 

390 

111 

_! 

70 

In bdtli tur 7 hours 


Theso experiments show that it takes a long time for bromine to 
reach a state of equilibrium, and that for the experiments on tho 
vapour-density, the gas shonld be maintained nt a constant tempera¬ 
ture for some time before the experiments are made. 

Experiments on chlorine and nitrogen tetroxide are also described 
in the paper. 


II. “ On tlio Supposed * Now Force ’ of M. J. Thore.”* By 
William Crookes, F.R.S., Pres.C.S. Received May 5, 
1887. 

(Abstract.) 

The author commences by quoting the description of some apparatus 
qnd experiments which have led M. Thore to suspect the existence of 
a new force inherent in the human organism. M. Thore suspends a 
* ‘ Uno Nourella Force?’ Pur J. Thoro. Lax, 1887. 
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small cylinder of ivory by a fibre of cocoon silk, forming a small 
pendulum, which hangs freely over the oentre of a table. The cylinder 
having become motionless, M, Tbore brings a second cylinder, oalled 
the “ pillar,” abont a millimetre from the first oyhnder, when the latter 
begins to rotato clockwise if the pillar is on the left, and counter* 
clockwise if the pillar is on the right of the cylinder. The observer 
is supposed to face the cylinder and pillar. M. Thoro says that the 
rotation is independent of the nature of the cylinders, of their mass, 
or the dimensions of the pillar; light, beat, electnoity, magnetism, 
gravity, and air currents, he says, aro also inadequate to explain the 
phenomena. 

The author has repeated M. Thore's experiments in apparatus shown 
in the accompanying figure. It consists of a glass case, A, B, C, D, E, 
F, 6J inches square and 7 inches high, with a rising glass window, A, 
B, G, H, in front and similar windows at the sides. The top is of card, 
in the centre of which is a small hole. The cylinder, I, is suspended 
in the middle of the case by a very fine cocoon silk fibre, 5 feet long. 
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surrounded bj a card tube J, attached to the top of the glass box K 
is a second cylinder attached to a support, L, M, by a ball and soolcet 
joint for convenience of adjustment The support, M, projects out 
side the case to admit of the pillar being brought close to the cylinder 
and transposed from one side to the other, <fco N is a cord attached 
to the front glass window, weighted at the end and passing ovei a 
pulley for convenience of raising and lowering tho glass 

Ivory, ebonite glass and metal have been used for tho cylinders 
and for the pillars The pillars hai e also been mado square, round, 
and wedge shaped m section, and the surfaces have been bright and 
lamp blacked The mode of experimentation is tho following —The 
cylinder being at rust the observer site down in front of tho apparatus 
with hts face 8 inches from the cylinder and pillar, taking precautions 
to keep the bieath as much as possible away from cylinder and pillar 
The pillar is always placed on the right of the cylinder On raising 
the front glass the cylinder commences to rotate in the opposite diree 
tion to the hands of a clock, the side nearest the observer moving to 
the i ight * 

In other experiments a flask of boiling water a candle, and a hot 
platinum wire have been used as the souroo of radiation The lesulta 
of more than fifty experiments are given in tables showing the 
material of the pillar, the maximum speed of one revolution, the 
number of revolutions, and the exciting agent Experiments tried 
with an ascending current of air of different degrees of intensity m 
front of the apparatus prove that air currents are inoperative m 
producing the action 

The results leave little doubt that the action is one of radiation 
from the face or other warm body in front of the apparatus, and 
that there is nothing special in the human organism beyond the heat 
it radiates to produce rotation of the cylinder 

Radiant heat (and in less degree light) falling on the lampblacked 
surfaoes is absorbed, and increases the surface temperature There 
are two ways in which this increase of temperature may set — 

1 It may produce a current of warm air, using in front of the 
surfaces of the moving body, to replace this, oold air will come in 
from all sides, and striking against the delicately suspended oylmdei 
cause it to rotate If, however, the source of heat is of considerable 
surface, such as the face or a Winchester quart bottle full of warm 
water, it is difficult to imagine that there will be much tendency to 
rotate in one direction rather than in the other 
8 An increased surface temperature of the cylinder and pillar may 
produce an increase of moleoular pressure between the two bodies, 

* Thu u called the w e/eh ee direction and when the rotation u clockwue it u 
oalled 
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and thus give rise to motion, after the manner of the radiometer. In 
this, u in the former oase, the movement should be in the opposite 
direction to what it is in reality, as it would be produced by mutual 
repulsion acting between the sides nearest the source of heat. 

It seemed likely that information, deoisive as regards one or other 
of these two theories, might be gained by suspending the cylinder in 
a glass tube attached to a Sprengel pump, and taking observations at 
different degrees of exhanstion. 

In experiments tried by the author in 1875* the noteworthy foot 
was ascertained, that two bodies of different temperature attracted 
each other at normal atmospheric pressure ; the attraction rose as the 
pressure diminished, until, at a tension of 1*15 mm., it was nearly four 
times what it was in dense air. Above this exhanstion the attraction 
suddenly dropped and changed to repulsion, which at the best vacuum 
obtained was nearly thirteen times stronger than tho attraction in 
air. 

Two forms of apparatus are described by the author, wherewith 
experiments were tried daring exhaustion, and an exact parallelism 
was established between the attraction or repnlsion of the cylinder by 
a hot platinum spiral, and the positive or negative rotations of the 
cylinder under the influence of a warm body brought near. 

The two plienomona run absolutely in parallol lines; when there is 
attraction negative rotation is also prudnoed; when the exhanstion is 
Ruch that the attraction is nil, the rotation is ntZ also; when the 
attraction changes to repulsion the rotation changos from negative to 
positive; and when the vacuum is very good, so that the repulsion 
between the two heated bodies is at its maximum, then also the 
positive rotation is the strongest. It is impossible to resist the con¬ 
clusion that the two sets of phenomena arc due to the same cause, 
and that as air currents did not prodnoe the attractions observed in 
the 1875 experiments, so likewise are they equally inoperative in 
giving rise to the present rotations of the suspended cylinder. 

If the rotation is produced by a reaction between the suspended 
and fixed body, it follows that were both free to move each wonld 
rotate, but in opposite directions. To test this, another apparatus 
was made, having two delicately suspended cylinders, 1 mm. apart, 
in a glass tube oapablo of being exhausted. In a table the results of 
twenty-two experiments are described, observations having been 
taken at intervals daring exhaustion. Down to 14 mm. pressure 
the two cylinders rotate negatively (t.e., the right hand cylinder 
rotates clockwise, and the left hand oylinder counter-clockwise). 
Between 14 and 3 mm. there is no rotation, and below 3 mm. the 
rotation is positive, the movement at an exhanstion of 0*0405 mm. 
being five times as strong as it was originally. 

• * PhiL Ttsu.,' 1875, Psrt II (pp. 688-58*). 
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The motive force producing these rotations is, at high exhaustions 
the molecular impacts between adjacent sni faces of the suspended 
cylinders excited by the radiation falling on them from the hot water, 
hot spiral or a oandlo (which is equally effectivo) Bat what pro 
duces the negative rotation at oidinary atmospheric pressure i* A\r 
currents are the obvious explanation bnt there are grave reasons for 
believing this explanation inadequate In the first place actual air 
onnonts when tiled do not produce tbe desired result Secondly, it 
is most logical to assume that as tho present set of oxpenments are 
strictly parallel with those tiled m 1875 aud as in each case the 
results at high exhaustions aro due to moleculai bombardment so 
also rifnst the similar results at low exhaustions be du to the same 
cause 

Finally twenty one experiments in the form of a table are de 
sonbod in which an appoiatus was employed specially designed to 
eliminate the intoifertng action of air onrrents and submit the 
molecular bombai Imeut theory to crucial expoiiments Tho results 
are considered by tho author as conclusive in favour of thiB expla 
nation 


Vdilcndum May 24 1887 

1 sent M Thorc a detailed account of my oxpenments aslcing him 
to favour me with any comments or remarks he might wish to make 
I have just received a long communication partly printed and part 
in MS in which he describes many fresh i xpenments and adduces 
arguments to show that my dynamical explanation is not sufficient to 
aooount for more than a few of the facts he desonbes and saying that 
he ‘ persists in still believing that this force emanates from the 
obseiver, or else that the observer is the indispensable intermediary 
for its manifestation 

Tho experiments are numerous and are devised with great mgs 
nuity It is impossible m the spaoe of a brief abstract to do more 
than refer to a few of tho principal facts here bi ought forward 
M Thore commences by objecting to my having experimented in an 
enolosed spaoe, saying that he always operates in free air He thinks 
that enclosure may almost or quite suppress his foroo To this I can 
reply that I have myself verified nearly all M Thore s facta of rotation 
(including those just now communicated), when working m the free 
air of a large room, and it was only when I found the delicacy of 
the observations was impeded by draughts and onnents that I 
put screens round the apparatus I have not found glass screens 
interfere materially with any of the rotations M Thore now says 
that it is necessary to hold the pillar or the exciting body in oontaet 
with the band during the whole duration of the experiment I 

2 c 2 
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not aware that importance was attached to this point, bat I have 
8moe repeated many of my former observations, holding the pillai in 
tho hand Tho results aie oertainly stronger, but the extaa heat 
imparted to the apparatus is in my opinion sufficient to account for 
this M Thore brings forwai d many new and ingeniously devised 
experiments to prove that heat cannot be considered the cause of tho 
movement He exposes the instrument to the foil sun aud then 
brings it into a cool dark room, he suspends it over boiling water, 
he places a large blook of .ice between the cylinder and the observer, 
he similarly interposes metallic vessels full of boiling water between 
the cylinder and observer (the observer not moving from his place in 
front), and he tries the experiment in a hot ohamber alternately 
moist and dry, without finding tho regularity of the movements inter¬ 
fered with T have tned most of these, and obtained results corrobo¬ 
rating M Thore’s, but I have also tned the experiment of quietly 
bringing near to the stationary cylinder a bottle of hot water and 
observing the movement fiom a safe distance through a telescope, and 
I find that the hot bottle is ahle to effort rotation as well as the 
observpi 

Among the < nnous observations mentioned by M Thoie is this — 
Placing the pillar in front of the cylinder (between it and the 
observer), if the pillar is hold with tho nght hand tho movement is 
clockwise, and if the left hand is used the rotation is connter dock- 
wise The nght hand is stronger in its effects than the left hand in 
the proportion of 2 to 1 

M Thore has given in addition a large number of ennous and 
interesting observations, using two, three, and more movable 
cylinders and recording their movements tender a great vanety of 
omramstanoes I admit I do not see at once how all these ate to 
be explained on the molecular bombardment theory Bnt this theory 
has not yet explained all the anomalous results I have recorded in 
my papers on “ Repulsion resulting from Radiation, ’ although 1 
believe it capable of doing so ; and I therefore think that it is not 
neoesBary to call upon a new force to explain any of M Thore’s 
results which radiation does not yet seem able to aooount for 

The Society adjourned over the Whitsuntide Recess to Thursday, 
June 9th 


Present*, May 26, 1887 

Transactions 

Bnckhnrst HiU —Essex Field Club The Essex Naturalist No 4 
8vo. Bvekkvrst H%U 1887 The Club 

Leeds —Naturalists’ Club Transactions 1886 8vo Leeds 1886 

The Club 
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London —East India Assoc ation Journal Vol XIX No 3 
8vo London 1887 Tbe Association 

University Calendar 1887 8 8vo London 1887 

The University 

Rio de Janeiro —Mnsen Nac onal Arohivos Yol VI 4to Rio 
de Janeiro 1885 The Museum 

St Petersburg —Aoademie Imperials des Sc ences Memoires 
Tome XXXIV Nos 12 13 Tome XXXV No 1 4to St 
PJlenbowrg 1886-7 The Academy 

Venice —Realo Istituto Veneto Atti Tomo III Disp 10 
Tomo IV Disp 1-10 and Apptndice Tomo V Disp 1 8vo 
Vfnana 1884-7 The Institute 

Vienna —K K Geograpbische Qesellsohaft Mitthoilungen 1876 
8vo Wien 1876 The Society 

Watfoid —Hertfoi dshire Natural History Society Transactions 
Vol IV Part 5 8vo London 1887 lhe Sooiety 


Journal 

Ateneo (L ) Veneto Rivista mensile di Scienze Lettere ed Arti 
Sene X Vol I No 1—6 Vol II No 1—b 8vo Vemena 
1885-6 The R Istituto Veneto 


Abel (Sir F ) P R S The Work of the Imperial Institute —An 
Address 8vo London 1887 The Author 

Albrecht (Dr P) Vorlauftder Nervenstrom in geschlossener Strom 
bahn P 8vo Erlangen 1887 With two other excerpts in 8vo 

The Author 

Bagnoli (U) Teone Fonda men tali dell Elettnciti Sm 8vo 
Milano 1887 The Author 

Bowman (PH) On some Variations in the Structure of Wool and 
other allied Fibres 8vo Edinburgh [1886] The Author 

Cumer (A F) Some Considerations concerning Canoer of the 
Uterus, especially its Palliative Treatment in its Later Stages 
Sm 8vo New Yoile 1887 The Author 

Fleming (S ) Documents in reference to the General Adoption of 
the Twenty four Hour Notation on the Railways of America 8vo 
Ottawa 1887 Time Reckoning for the Twentieth Century 4to 
Montreal 1886 The Author 

Folzner (N ) Rebus over het Licht, het Beeld en de Pnsmatische 
. Kleuren, in 500 Figuren op 60 Platen Folio and 8vo 
Oromngen [1887] T)ie Author 

Hill (S A) On Solar Thermometer Observations at Al lahaba d 
8vo Calcutta 1887 The Anthor 
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June 9,1887. 


The Annual Meeting for the Election of Follows was held this day. 
Professor G. G. STOKES, D C.L., President, in the Chair. 


The Statutes relating to the oleobion of Fellows having been read, 
Dr. J. H Gladstone and Mr. G. J. Symons were, with the consent 
of the Society, nominated Scrutators to assist the Secretaries in 
examining the lists. 

The votes of the Follows present wore then oollooted, and the fol¬ 
lowing candidates were declared duly elected into the Society:— 


Buchanan, John Young, M.A. 
Cash, John Theodore, M.D 
Douglass, Sir James Nicholas, 
M.I.C.E. 

Ewing, Prof. - James Alfred, B.So. 
Forbes, Prof George, M.A. 
Gowers, William Richard, M.D. 
Kennedy, Prof. Alexander 13. W., 
M.I.C.E. 


King, George, M.B 
Kirk, Sir John, M D. 

Lodge, Prof. Oliver Joseph, D.So. 
Milne, Prof. John, F.G.S. 
Pickard-Cambridge, Rev. Octa¬ 
vius, M.A. 

Snelna, George James, F.C.8. 
Walsingham, Thomas, Lord. 
Whitaker, William, B.A. 


Thanks were given to the Soratators. 


June 16, 1887. 

Professor G. G. STOKES, D.C.L., President, in the Chair. 

The Right Hon. the Earl of Rosebery (elected 1886), Mr. H. 0. 
Russell (elected 1886), Mr. John Young Buohanan, Dr. John Theo¬ 
dore Cash, Sir James Nioholaa Douglass, Prof. James Alfred Ewing, 
Prof. George Forbes, Dr. William Richard Gowers, Prof. Alexander 
B W. Kennedy, 8ir John Kirk, Mn George James Snelos, and Lord 
Walaingham, were admitted into the Society. 

The Presents received were laid on the table, and thanks ordered 
for them. 


The following Papers were read;— 



1887.] 


On the Structure of Mucilage Celle. 


358 


1. “ On tho Structure of the Mucilage Celia of Blechnum 
occidentals (L.) and Osmunda regalia (L.)” By 'fOKUTARO Ito, 
F.L.S., and Walter Gardiner, M.A. Communicated by 
Professor M. Foster, Seo. R.S. Received May 31, 1887. 

The growing point of many ferns is found to bo covered with a 
slimy mucilage which arises from hairs situated on tho palm and the 
leaves, or whore pal® are absent on the leaves only. This mucilagin¬ 
ous secretion serves a most important physiological function, in that 
it readily takes up and retains water, and thus keeps the young bud 
moist, and at the same time tends to prevent too excessive transpira¬ 
tion. The cells which socrete the mucilage are largo and swollen, 
and the secretion escapes by the ruptnring of the cell wall. We 
investigated two cases of mucilaginous secretion, viz , Blechnum occi¬ 
dental e (L ), whero in each hair only the terminal oell is glandular, and 
Osmunda mjalie (L.), whole usually all the cells of the hail* are 
equally endowed with secretory function We find that tho mucilage 
arises from tho protoplasm only and not from the cell wall, and that 
the whole process is distinctly intraprotoplasmio. The structure of a 
mature gland is wonderfully like that of tho secretory animal cells 
investigated by Langley,* and indeed the very words nsed by him in 
the description of certain of the secretory cells will quite well 
apply to the particular glands investigated by ns, for we also find 
that “ in the mature cells the cell substance is composed of (it) a 
framework of living substance or protoplasm connected at the peri¬ 
phery with a thin continuous layer of modified protoplasm ” (our ecto¬ 
plasm), and that “ witliin the meslios of the frumowork are enclosed 
two chemical substances at least, vis. (h), a hyaline substance in 
contact with the framework, and (o) spherical granules which are 
embedded in the hyaline substance." In our case we have also to add, 
that the whole cell is enclosed in a cell wall. We find, in other words, 
that in the glandular cells, investigated by ns, mucilage is secreted 
in the form of drops, and that each drop is further differentiated with 
a ground substance (gam mucilage) in which are embedded numerous 
spherical droplets (gum). 

The mature cells which we havo described are qnite full of the 
Monition, so that the vacuole containing the cell sap has become com¬ 
pletely obliterated. This is occasioned mainly by the voluminous 
character of the sooretion, which takes up water and becomes very 
bulky. The young glands, however, display the usual structure of 
young cells, each containing a nucleus, plastids (which in tho case of 
Osmunda, form numerous starch grains), and a vacuole. Secretion 
* Langley, 1 Cambridge Phil. Soc. Proe.,’ rol. 6, p. 26. 

i D 2 
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commences by the breaking down of a portion of the innermost layer* 
of the endoplasm at a number of contiguous but isolated areas The 
result of these katabolic changes in the protoplasm is the formation of 
small bnt rapidly growing mucilage drops The first formation occurs 
just beneath the free surface, and takes place equally around the 
whole oell canty and the phenomenon steadily continues from within 
outwards, producing new drops basipetally, and immediately boneath 
those already formed until the whole of the endoplasm together with 
the snbstanoe of the plastids (01 starch grains) have taken part in 
the process and tho cell is now fnll of isolated drops each enclosed 
by a portion of the delicate protoplasmic framework which still 
remains 

A remaikable soqnencc of changes occurs in the diops themselves 
At their first formation they are watery and by no means well defined 
By the use of osmic acid it can then be shown that they contain no 
tanmn lhey shortly become denser and at this stage tannin appears 
equally distributed throughout their structure And now in the 
drops themselves a delicate i eticulation may be observed which finally 
gives way to the appeal ance of numerous minute and brightly Hhining 
droplets all separate and distinct disseminated through the subs tan oe 
of the drop just as the drops themselves are disseminated through 
the substance of the protoplasm Reactions show tli it tho ground 
substance of the dropB is of the nature of a gummy mucilago, while 
the drops consist of pure gum Our observations make us disposed 
to believe that during secretion the protoplasm gives i iso to ft gummy 
mucilage and the latter undergoes further diffeu ntiation into a 
ground substance which still retains its mucilaginous character, and 
into a gummy substance (a product probably of maximum chemical 
change) which is present as a number of isolated spherical droplets 
In the light of these remarks the structure piesented by the mature 
cell becomes moie clear 

In the case of many animal glands, e g , serous and mucous salivary 
glands, Langley concludes that the protoplasm forms the hyaline 
substance, and then out of this manufactures the giannlee, which 
during secretion are turned out of the oell and give use to the parti- 
i ular substance which the gland secretes The state of active secre¬ 
tion is followed by a resting period during which the protoplasm 
grows, forms new hyaline substance, and this again produces new 
grannies We believe that a senes of changes essentially similar in 
character occurs m plant cells also Usually speaking, plant cells are 
incapable of such active and repeated secretion as occurs on those of 
animal8, and in many oases, s g , Bleehnum and Omvnda, the secretion 
changes occur in the celLonce and for all, and at their termination the 
roll dies In other instances, however, e g , the glands of Dtoncea, it 
appear* exceedingly probable that the phenomena whioh accompany 
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the repeated secretion are quite similar to those which happen in so 
many animal glands. 

The various changes which accompany mucilaginous secretion are 
not shown by Blechnum occidental* In Otmunda the drops are much 
lees defined, and, although more numerous, are smaller. The changes 
whioh occur in the drops were observed in Blechnum occidentals. In 
Osmunda we did not sneoeod in following them; but sinoe the two 
glands practically present the same structure in the mature cells, we 
are led to infer that the various processes are similar in both. 

The secretion consisting of tho mucilage drops and the disorganised 
protoplasmic framework escapes by the rupturing of tho wall, and tho 
disintegrated nucleus and the endoplasm are the only structures left 
in the cell. 

In Osmunda the transverse walls are callussed on both sides, and 
the whole system (wall and callus plate) is obviously perforated by 
fine holes, which in the functional cell are filled by delicate strands of 
protoplasm. These establish a direct continuity between the proto¬ 
plasmic contents of the various cells of the hair. 

We believe that in their main features the phenomena attending 
the formation of the secretion are such as are very widespread, and 
limited neithor to tho ferns nor to the particular case of aeoretion of 
mucilage. 


IL “On Babies.” By Or. F. Dowdeswell, M.A. Communi¬ 
cated by Prof. Victor Horsley, F.R.S. (From the 
Laboratory of the Brown Institution.) Received May 9, 
1887. 

(Abstract.) 

In this investigation, commenced early in 1885 daring the outbreak 
of rabies in London, the first experiments, made by subcutaneoos 
inoculations with the saliva of rabid street dogs, all failed to prodaoe 
infection. 

Subsequently, adopting the methods described by M. Pasteur, I 
found— 

1. That the virna of rabios and hydrophobia resides in the oerebro. 
spinal substance and in the peripheral nerves, and is not confined to 
the salivary glands, as hitherto supposed. 

2. That by inoculation of this snbstanoe upon the brain of another 
animal, by trephining, infection follows much more quickly and 
oertainly than by subcutaneous inoculation. 

3. That rabies, however produced, in both dogs and rabbits, is 
e^ectuily a paralytio affection, the same disp u t e in both animals, and 
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that there is no oonstant distinction between the so-termed “ dumb ” 
and “ furious ” rabies. 

4. That the initial virulence of street rabies is usually increased, 
and becomes remarkably constant, by passing through a senes of 
rabbits. 

5. That the activity of the virns is shown by the duration of the 
incubation period, to which it is inversely proportionate. 

fi. That the tissues of an infected animal do not themselves become 
infective till towards the end of tho incubation period. 

7. That of a large number of drugs which were triod, both 
germicides and thoso acting specifically upon the cerobro-spinal 
system, none materially modify the action of the virns in the Tabbit. 

‘ 8. That by a series of subcutaneous inoculations with virns treated 
by the methods of M. Pasteur, immunity, even against subsequent 
infootion, cannot be conform! npon the rabbit; and that tho extreme 
and unexpected constitutional refractoriness of the dog to infection 
with rabies, by any method of inoculation—as I have found it in the 
limited number of experiments I have been able to perform with 
this animal—renders it extremoly difficult to determine the effect of 
snob remedial or prophylactic measures in it; and that it is by tho 
statistics of the treatment alone that their effect with man oan be 
decided ; but that judging from the results of the experiments of 
others, the principle of the method as affirmed by M. Pasteur appears 
to be established, thongh unquestionably tho “ rapid ” or ‘‘intensive” 
treatment, as I have found, is liable to produce infection. 

Ill “On tho Tubercular Swellings on the Roots of [Ida Faba.” 
By H. Marshall Ward, M.A., F.L.S., Fellow of Christ’s 
College, Cambridge, Professor of Botany in tho Forestry 
School, Royal Indian College, Cooper’s Hill. Communi¬ 
cated by Prof. M. Foster, Soc. R.S. Received May 29, 
1887. 

(Abstract) 

In this paper tbe author gives a detailed account of bis investiga¬ 
tions, of which a preliminary note appoared at p. 331. The following 
are the main conclusions:— 

Tho tubercles always contain a fungus, allied to tho Ustilagisee, 
which enters tho root by way of the root hairs. The nltimnte branches 
of the hyphae in the cells of the tubercle bud off minute bodies (gem- 
mules), which are afterwards scattered in the soil. This prooess 
resembles the budding discovered in Ustilaginee by Brefeld. By 
means of cultures and observations the author shows that the infec¬ 
tion from the soil is probably due to these minute gemmnles acting 
as spores. 
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IV. “ The Eleotromotive Properties of the Eloctrical Organ of 
Torpedo marmorata" By FRANCIS Gotoh, B.A., B.Sc. 
London, M.A. Oxon. Communicated by Professor BtJBDON 
Sanderson, F.R.S. Received May 5, 1887. 

(Abstract.) 

After an introduction, in which the author nets forth the present 
state of knowledge with reference to the eleotromotive properties 
of the electrical organ of Torpedo, he gives an account of his own 
experimental investigations in three sections. 

The first section relates to tho nature of tho changes produced in 
the electrical organ by mechanical injury and by heat, and the relation 
of these changes to those which manifest themselves under similar 
conditions in muscle and nerve, a subject which has not hitherto been 
inquired into. 

In the second, the duration and the character of tho response of the 
electrical organ to stimulation of its nerve are investigated for the 
first time by means of the rheotome and galvanometer. 

In the experiments which are recorded in the third section, the 
author has entered on the examination of the after-effects which are 
produced in the organ by the passage through it of voltaic or induo- 
tion currents, a subject which has been recently investigated by 
da Bois-Raymond. 

The author is led by his experiments to believe that the physiologi¬ 
cal effects produced in the organ by injury, by the passage of currents, 
and by the stimulation of the electrical nerve, are, notwithstanding 
that they differ so widely from each other in distribution, duration, 
and intensity, all phenomena of excitation. 


V. “ On Thermal Radiation in Absolute Measure.” By J. T. 
Bottomley, M.A. Communicated by Sir W. Thomson, 
Knt., F.R.S. Received April 23,1887. 

(Abstract) 

The investigation, of which a detailed aooonnt is given in the paper, 
was commenced in 1883, and some preliminary results were commu¬ 
nicated to the Royal Society in June, 1884. 

The radiating body used up to the present time has been a metallic 
wire ;• and the general method of experimenting consists in keeping 

• I propose, however, ae toon as may be, to repeat and extend the experiment of 
D. % Msefind*oe ('Soy. Soo. Proo.’ roL20,1072) on radiation from metallio globee. 
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the wire heated by an electrio current, and determining in abeolnte 
measure the electric energy necessary for this purpose. This energy 
is lost in radiation and in oondnotion at the ends, but ohiefly in 
radiation. The wire is contained in a long oopper tube, blackened 
inside, and kept oool by a water jacket; and the surface of the wire 
may be bright and polished, or may be modified by being coated with 
lamp-black, platinum-black, oxide of copper, or some other material 
Polished wires have been chiefly used hitherto, but arrangements 
for comparison of wires with surfaces differently prepared are 
described in the paper. 

Two methods of determining the eloctrio energy hare been used. 
One consists in measuring the electrio current and the difference of 
potentials between chosen points in the radiation-wire ; the other in 
measuring the current and determining simultaneously tho electrio 
resistance, by means of a Wheatstone bridge, modified to suit tho 
necessities of the case. 

A knowledge of the resistance of the radiation-wire gives also its 
temperature, by means of separate determinations (described in the 
paper) of the law of alteration of electrio resistance with temperature. 
The temperatures of the radiation-wire and of the envelope are all 
referred to the air thermometer. 

In order to vary the air-pressure surrounding the radiation-wire, 
and thus obtain data for the purpose of eliminating the heat-carrying 
properties of the air or other gas, the oopper tube is connected, in a 
manner described in the paper, with a five-fall Sprengel pump; 
and the pressures in the extreme vacuums are measured by the 
M'Leod gauge. 

The results of the investigation, so far as it has gone, are shown in 
a series of tables and ourves. 

A long and veiy complete series of determinations has been made 
of the radiation at various given constant pressures, but at different 
gradually increasing temperatures. 

By means of carves of this kind, showing radiation in extreme 
vaouum, a compaiuson may be made between the results of experiment 
and the results calculated from Stefan’s well-known fourth power 
law. The experimental results do not appear to give any support to 
that law. 

Several series of determinations have been made at different con¬ 
stant temperatures, the pressure being continuously diminished. This 
mode of experimenting, by far the most appropriate to the purpose in 
hand, has only recently become convenient to the author, aa it requires 
a special suitable current galvanometer. Farther experiments are to 
be carried out with this method. 

In the meantime it may be said that on continuously dimi nishing , by 
means of the Sprengel pump, the air surrounding the wire, a punt 
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has been reached where farther exha nation does not affect the radia¬ 
tion observed. In this way a condition teems to be reached asympto¬ 
tically, in which the radiation is independent of anything removable 
by the Sprengel pomp. The value of the radiation found is, for the 
particular bright platinum wire used:— 


At 408° C. 378 8 x KT* gram water centigrade units 

per square centim. per soo. 

„ 505° C. 726*1 xl0~* gram water oeutigrade units 

per square centim, per sec. 


thd temperature of tho envelope being about 15 s C. 

Comparatively little has been done up to the present as to radia¬ 
tion from the same body with the surface in different conditions. The 
important results of Mr. Mortimer Evans, 1 Roy. Soc. Proo.,’ 1886, as 
to the energy required to maintain a given candle power iu incan¬ 
descent lamps, with dull and with polished filaments, have been con¬ 
firmed. It is proposed to carry out further experiments on the 
influence bf the surface of radiating bodies. 


VI. “ On Figures of Equilibrium of Rotating Masses of Fluid.” 
By G. H. Dahwin, M.A., LL.D., F.R.S., Fellow of Trinity 
College and Plumian Professor iu the University of 
Cambridge. Received April 28, 1887. 

(Abstract.) 

The intention of this paper is, first, to investigate the forma which 
two masses of fluid assume when they revolve in dose proximity 
about one another, without relative motion of their parts; and 
aaoondly, to obtain a representation of the single form of equilibrium 
which must exist when the two masses approach so near to one 
another as just to coalesce into a single mass. 

When the two masses are far apart the solution of the problem is 
•imply that of the equilibrium theory of the tides. Each mass may, 
as hr as the action on the other is concerned, be treated aa spherical. 
When they are brought nearer to one another this approximation 
ceases to be sufficient, and the departure from sphericity of each 
maw begins to exercise a sensible deforming influence on the other. * 

The aotnal figure assumed by either mass may be regarded as a 
deformation due to the influence of the other considered as a sphere, 
on which is superposed the sum of an infinite series of deformations 
of each due to the deformation of the other and of itself. 

Bu^each mass is deformed, not only by the tidal action of the 
other, bat also by its own rotation about• an axis perpendicular to Us 
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orbit. He departure from sphericity of either body doe to rotation 
also exercises an influence on the other and on itself, and thus there 
arises another infinite series of deformations. 

It is shown in the paper how the summations of these two kinds 
of reflected influences are to be made, by means of the solution of 
oertain linear equations for finding three sets of coefficients. 

The first set of coefficients are augmenting factors, by whioh the 
tide of each order of harmonics is to be raised above the value whioh 
it would have if the perturbing mass were spherical. The second 
set correspond to one part of the rotational effect, and belong to 
terms of exactly the same form as the tidal terms, with which tfcey 
ultimately fuse. The third set correspond to the rest of the rota¬ 
tional effect, and appertain to a different class of deformation, whioh 
are in faot sectorial harmonics of different orders. The term of the 
second order represents the ellipticity of the mass due to rotation, 
augmented, however, by mutual influence. All tho terms of this 
class, except the second, are very small; their existence is, however, 
interesting. 

From the consideration that the repulsion due to centrifugal force 
shall exactly balance the attraction between the two masses, the 
angular velocity of tho system is found. It is greater than would be 
the case if the masses wore spherical. 

The theory here skotched is applied in the paper numerically, and 
illustrated graphically in several cases. 

When the masses arc equal to one another they are found to be 
shaped like flattened eggs, and the two small ends face one another. 
Twp figures are given, in one of which the small ends nearly tonch, 
find in the other whore they actually oroas. In tho latter oase, aa two 
portions of matter cannot oocnpy the same space, the reality muBt 
oonsist of a single mass of fluid consisting of two bulbs joined by % 
neok, somewhat like a dumb-bell. In the figure conjectural lines are 
inserted to show how the overlapping of the masses most be replaced 
by the neok of fluid. 

A comparison is also made between the Jacobian ellipsoid of equili¬ 
brium with three unequal axes and the dumb-belL It appears that 
with the same moment of momentum the angular velocity is nearly 
the same in the two figures, but the lcinetio energy is a little less in 
the dumb-bell. The intrinsio energy of the dumb-bell is, however, 
' greater than that of the ellipsoid, so that the total energy of the 
dumb-bell is slightly greater than that of the ellipsoid. 

Sir William Thomson has remarked on the “gap between the 

unstable Jacobian ellipsoid.and the oase of the smallest 

moment of momentum consistent with stability in two equal 
detached portions." “ The consideration," he says, “ of ho# to fill 
op this gap with intermediate figures is a most attractive question. 
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toward* an*waring which, we at present offer no contribution.' 1 * This 
paper is intended to be inch a contribution, although an imperfect 
one. 

M. Poincard has made an admirable investigation of the forms of 
equilibrium of a single rotating maos of fluid, and has specially con¬ 
sidered the stability of Jacobi's ellipsoid.! He has shown by a 
difficult analytical process, that when the ellipsoid is moderately 
elongated, instability sets in by a farrowing of the ellipsoid along a 
line which lies in a jilane perpendicular to the longest axis. It is, 
however, extremoly remarkable that the farrow is not symmetrical 
with respect to the two ends, snd there thos appears to be a tendency 
to form a dumb-bell with unequal bulbs. 

M. Poincare’s work seemed so important that, althongh the figures 
above referred to were already drawn a year ago, this paper was kept 
back in order that an endeavour might be made to apply the prin¬ 
ciples enounced by him, concerning the stability of such systems. 
Tho attempt, which proved abortive on account of the imperfection 
of approximation of spherical harmonic analysis, is given in the 
appendix to the piper, because, notwithstanding its failure, it presents 
featnres of interest. 

The calculations in this paper being made by means of spherical 
harmonic analysis, it is necessary to consider whether this approxi¬ 
mate method has not been pushed too far in the computation of 
figures of equilibrium which depart considerably from spheres. A 
rough criterion of the applicability of tho analysis is derived from a 
comparison between the two values of the ellipticity of an isolated 
revolutions! ellipsoid of equilibrium as derived from the rigorous 
formula and from spherical harmonic analysis As judged by thi^ 
criterion, whioh is necessarily in some respects too severe, the figures 
drawn appear to presont a fair approximation to accuracy. 

Since, as abovo stated, the rigorous method of dismissing the 
stability of the system fails, certain considerations are adduced which 
bear on tho conditions under whioh there is a form of equilibrium 
consisting of two fluid masses in close proximity, and it appears that 
there cannot be each a form, unless the smaller of the two masses 
exceeds about one-thirtieth of the larger. It seemed therefore worth 
while to find to what results the analysis would lead when two masses, 
one of which is 27 times as great as the other, are brought close 
together. As judged by this criterion the computed result must he 
very far from the truth, but as tho criterion is too severe, it seemed 
worth while to give the figure. The smaller mass is found to be 

• Thomson and Tail, ‘ Natural Philosophy,’ (1888), J778 (l). He also remark* 
elsewhere that by thinning a Jaoobian ellipsoid in the middle, we shall get a figure 
of the same moment of momentum sad lees Irinetio energy. 

t ' Acta Hath.,' 7,8 and 4,1885. 
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deeply furrowed in a. plane parallel to the axis of rotation, so as to be 
shaped like a dumb-bell, and although this result can only be taken 
to represent the trnth very roughly, yet it cannot be entirely explained 
by the imperfection of the analytical method employed. It appears 
then as if the smaller body were on the point of separating into two 
masses, in the same sort of way that the Jaoobian ellipsoid may he 
traced through the dnmb-bell shape until it becomes two masses. 

M. Poincard has commented in his paper on the possibility of tho 
application of his resnlts, so as to throw light on the genesis of a 
satellite according to tho nebular hypothesis, and this investigation 
was undertaken with such an expectation. He remarks, however, 
that the conditions for the separation from a mass, which is strongly 
concentrated at its centre, are nooessanly very different from those 
whioh he has treated mathematically. 

However, both his investigation and the considerations adduced 
here seem to show that, when a portion of the central body becomes 
detached through increasing angnlar velocity, the portion should bear 
a far larger ratio to the remainder than is observed in onr satellites, 
as compared with their planets; and it is hardly probable that the 
heterogeneity of the central body can make so groat a difference in 
the resnlts as would be necessary, if we are to make an application of 
these ideas. 

It soema then at present necessary to suppose that after the birth 
of a satellite, if it takes place at all in this way, a series of changes 
ocour which are stall quite unknown. 


*VIL “ The Influence of Stress and Strain on the Physical 
Properties of Matter. Part I. Elasticity— continued. The 
Velocity of Sound in Metals, and a Comparison of their 
Moduli of Torsional and Longitudinal Elasticities as 
determined by Statical and Kinetical Methods.” By 
Herbert Tomlinson, B.A. Communicated by Professor 
W. Grills Adams, M.A., F.R.S. Received April 29,1887. 

(Abstract.) 

The principal object of the investigation was to ascertain whether 
the values of the moduli of torsional and longitndinal elasticities, as 
determined by statical methods, would be the same as whon deter¬ 
mined by kinetical methods, provided the deformations produced were 
very small. 

The method of determining the modulus of longitudinal elasticity 
statically has been already described-* This method was applied with 
• ' Phil. Trim.,’ 1888, Part L 
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the greatest care to wires of piano-steel, copper, platiniun-Bilver, silver, 
and platinum. The wires of copper, silver, and platinum were obtained 
from Messrs. Johnson and Matthey as chemically pure. 

The same wires were also tested for the value of the modulus of 
longitudinal elasticity by the method of longitudinal vibrations. In 
this method the wires were fixed at both ends, and corrections, whioh 
are fully described in the paper, were made for the want of rigidity 
in the supports at the ends. The same method served for deter¬ 
mining the velocity of sound in the metalB piano-steel, iron, copper, 
German-silver, platinnm-silvor, silver, and platinum, with considerable 
accuracy. The following two tables give the results obtained:— 


Table I. 


Metal. 

Condition. 

Density. 

Velocity of sound in 
metres per seoond. 







7-6031 

6096 

f \ »pJWSW , . , , t . 

Unannoaled.. . 

8-8976 

3968 

German-diver .... 


8 6380 

8860 

Platinum-nlver .. 


12 1900 

2804 

Silver.. 


10 4668 

2801 

Platinum. 

. 

21-0600 

! 2760 


Table II. 


Metal 

Condition. 

Young’s modulus in 
grams per sq. cm. 
as obtained by 
the kinetloal 
method. 

Ditto, as obtained 
by the statical 
method. 

•a 


Pin no-steel .. 
Copper 

Platinum. 

Platinum-silver 

Unannealed. 

2138 x 10* 

1316 

1622 

997 

886-6 

2140 x10* 

1323 

1628 

1001 

828-6 

V«.n. 

0-997 

0 996 
1-000 
0-996 
1-008 


0-999 



Four of the wires used in the experiments on longitudinal elas¬ 
ticity were also tested for torsional elasticity, both by the method 
of statical torsion, and by the method of'torsional vibrations. The 
diameter of each of the wires was about 1 mm., and the lengths 
varied from 650 to 800 cm., thus even with very small torsional defor- 
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mation*, considerable aoonraoy was attainable. The results of these 
last experiments are given in Table III. 


Table III. 


Metal 

Condition. 

Modnltu of 
tomonal elasticity 
in gram* per 
*q om. obtained by 
the statical method 

Ditto, obtained by 
tho kinntioal 
method. 

r* 

rt 

Vlatmum.... 

HiWer. 

Aluminium .. 

Annealed.. 
Unannealed. 

751 5 x10* 

662 S 

275 5 

267-7 

766-5 x 10* 
663-6 

278 0 

266 9 

iiii 


The genoral results of the whole investigation may be expressed aa 
follows. — 

1. The value of the modulus of longitudinal elasticity for hard- 
drawn metals, as determined by the statical method of loading, acoords 
with the value obtained by the method of longitudinal vibrations, pro¬ 
vided the deformations are sufficiently small. 

2. The velocity of Bound in a metal wire is independent of the load 
ou fcho wire 

3. The velocity of Bound in a motal wire is not sensibly altered by 
permanent extension of the wire. 

4. The value of the modulus of torsional elasticity, aa determined 
by the statical method, accords with the value obtained by the method 
of torsional vibrations for most metals in the hard-drawn condition, 
provided the deformations produced are small. For annealed iron 
the value of the modnlos obtained by the second method slightly 
exceeds that obtained by the first method, and by an amount which is 
greater than can be attributed either to the heating and cooling effects 
of contraction and expansion, or to errors of observation. « 
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VIII, “ On Kreatinins. I. Qn the Kreatinin of Urine, as distin¬ 
guished from that obtained from FleBh-kreatin. II. On the 
Kreatiuins derived from the Dehydration of Urinary 
Kreatia” By George Stillingflket Johnson, M.R.O.S., 
F.C.S., F.I.C. Communicated by Geobue Johnson, M.D., 
F.R.S. Received May 5, 1887. 

(Abstract.) 

Piar I. 

This investigation was suggested by a oareful study of the reducing 
action of normal human unne upon piorio acid in presence of potash 
at the boiling temperature. 

The picric acid method for the quantitative estimation of sugar in 
urine was introduced by Dr. George Johnson in 1883. Whilst 
assisting him in working out the details of the process, the author’s 
attention was drawn to the small amount of redaction exerted by all 
specimens of normal human urine. The average picnc reduction 
observed was equal to that which would be effected by a solution of 
glnoose containing G'ti grain to 1 fluid ounce. 

The reduction of ouprio oxide in boiling alkaline solution was 
always Bomewhat greater, averaging 0*7 grain per 1 fluid ounce. 
Although many physiological chemists express the opinion that 
normal human urine contains always a little sugar, to which this 
reducing action is to be attributed, the author’s researchoB have led 
him to an opposite conclusion. 

The reducing agent of normal urine differs from glucose ii^pro- 
dnoing some reduction of picric acid in presence of potassium hydrate 
at the ordinary temperature (vide Dr. R. Kirk, ‘ Lancet,’ June 16, 
1883). 

The reducing agent of normal urine cannot be made to undergo 
tiie alooholio fermentation in presence of yeast. Nevertheless, 
Dr. Pavy (‘ Med. Chir. Soo. Trans.,’ vol. 63, p. 222) attributes one* 
fourth of the reducing action of normal urine upon ouprio oxide to 
uric acid, and the remaining three-fonrths to “ the small amount of 
sugar naturally present in urine.” 

Brilcke is also of opinion that normal human urine contains a 
small quantity of sugar. 

Uric acid and kreatinin together are credited by Prof. E. Salkowslri 
(‘ Oentrslblatt fiir die MedioLnischen Wiasensohaften,’ March, 1886) 
with from one-sixth to one-fif th of the total reducing notion of normal 
urine, the remainder being due to ‘‘other substanoes, and very 
probably to compounds of glyooronio acid' (Glykuronsaureverbind- 
ungsn).” # 
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The author found that about three-fourths of the total reducing 
action of normal urine is destroyed by prolonged boiling with potas¬ 
sium hydrate, the remaining one-fourlh being due to the surriTal of 
the urio acid, thus confirming Dr. Pavy's observation that one-fourth 
of the normal reducing action is due to urio acid. 

On attempting to isolate the normal reducing agents by precipitant#, 
it was found that mercuric chloride gradually effected complete pre¬ 
cipitation of the rednemg agent when added in sufficient excess to 
the unconcentratcd urine. Complete precipitation can be effected in 
forty-eight boars if ono-twentieth of its volume of a cold saturated 
solution of sodic acetate be first added to the fresh urine, then one- 
fourth of its volume of a cold saturated solution of mercuric chloride. 
The precipitate, which forms immediately, should be separated by 
filtration, as it contains no rednoing agent except nric acid, whioh 
is probably present in it as mercuric urate ; but the filtrate from the 
first amorphous precipitate begins to doposit the mercury salt of the 
reducing base in about half an hour. This deposit appeal's granular 
and crystalline, but under the microscope is fonnd to consist of 
minute spherical masses. The weight of the dry spherical precipitate 
is always greater than that of the amorphous one weighed in the same 
condition. The desiccation must bo conducted over sulphuric acid at 
the ordinary temperature, since the compound is decomposed at 100° 0. 
in presence of water. 

The filtrate from this granular (spherical) mercury salt is devoid 
of reducing action upon cuprio oxide and picrio acid. The spherical 
mercury salt of the rednoing base (for the basic nature of the normal 
reducing agent is gtrongly indicated by the above results) is easily 
solute in hydrochlorio acid, bnt insoluble in acetic aoid. Moistened 
with solution of potassium hydrate, the compound gradually blacken* 
from reduction of mercury at the ordinary temperature, and muoh 
compound ammonia is evolved. Suspended in cold water and treated 
with hydrogen sulphide, the compound is decomposed, mercuric sul¬ 
phide remaining undissolved, whilst the solution becomes acid in 
reaction, and exhibits reducing properties. On evaporating this 
acid solution a crystalline salt is obtained, which is the hydrochloride 
of the reducing base. As the spherical mercury salt, obtained a* 
above from urine, appeared to be always quite homogeneous and 
pure, with the exoeption of a little colouring matter, the exact weight 
of the compound obtained from known volumes of urine wa* next 
ascertained. 

The simples of urine examined were in all cases ascertained to be 
free from albumen and sugar before precipitation. The filtrates from 
the first or amorphous precipitate, produced by mere urio chloride and 
sodic acetate, were allowed to oolleot in a large glass vessel, in whioh 
the spherical oomponnd gradually accumulated. After standing. 
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some days, the total precipitate was oollected, washed with cold water, 
dried in a vacuum over H,SO,, and weighed. 

(I) 34,640 o.o. of nrine gave 198 grains of Hg salt, equivalent to 
57 grams of Ug salt per litre of urine. 

(II.) 40,625 c.c. of urine gave 20313 grams of Hg salt, equivalent 
to 7*19 grains of Hg salt per litre of nrine. 

The mean specific gravity in Experiment I was 1 020, and the 
mean reduction of picric acid was equivalent to 0‘67 grain glucose per 
1 fluid ounce. 

The mean specific gravity in Experiment II was 1 022, and the 
mean reduction of picric acid woe equivalent to 0‘86 grain of glucose 
per 1 fluid ounee. 

In my own case I found that the moan quantity of mercury salt 
obtained from the urine of twenty-fonr hours agreed very nearly with 
the abovo results, the total urine of six days having been carefully 
oollected and examined each twenty-four hours. 

The formula of the spherical mercury salt arrived at by analysis 
is 4(CJI,N,O.HCl.HgO) SHgCl,. 

It may here be observed that mercuric chloride has been recoin 
mended by Maly (* Ann. Chem. Phann vol. 150, p. 279) for preparing 
kreatinin from the urine of man or the horse. He does not mention 
the fractional precipitation by mercuric chloride, but recommends a 
preliminary concentration of the urine by heat, and precipitation by 
basio lead acetate before adding meronrio chloride. On repeating hia 
process I found that even after the removal of the uric acid, Ac., by 
basic lead acetate, the mercuric chloride still produced an immediate 
flooculent preoipitato, followed by a granular one, and if the floceulent 
amorphous matter was not separated by filtration, the total mercury 
precipitate yielded a gummy mass after treatment with H 3 S, which 
would not yield crystals nntil treated with alcohol, as Maly himself 
reoommends. By my method, however, the hydroohlorido of the 
reducing base is obtained in crystals after the first evaporation ; these 
crystals contain chlorine in the proportion required by the formula 
0 4 H,N,0.HC1. 

The platinum talt of the reducing base is obtained in the form of 
anhydrous crystals, when an aloobolic solution of its hydroohloride is 
mixed with an alcoholic solution of platiuio chloride. If these anhy. 
drous crystals be dissolved in water, and the solution evaporated, or if 
the aqueous solution of the hydrochloride of the base be mixed with 
platiuio chloride in aqueous solution and evaporated, fine orange* 
coloured prisms separate out, which have the formula 

2(C«H 7 N|O.QCl).PtCl4.2HiO. 

Heated to 100° C., these crystals beoome anhydrous, yellow, and 
'opaque. 

von. xlii. 


2a 
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The free reducing bate i* obtained from its hydrochloride by mixing 
{he oonoentrated aqueous solution with exoees of pure lead hydrate 
without heat, and filtering; the alkaline filtrate by spontaneous evapo¬ 
ration deposits large square plates with bevelled edges, or long efflo¬ 
rescent prisms if great care is taken to avoid heating the solution of 
the hydrochloride. The aqueous solution of the free base is alkaline 
in reaction, intensely bitter to the taste, gives crystalline precipitates 
with rino chloride, mercurio chloride, and picric aoid, but none with 
silver nitrate, unless the solution be very concentrated. 

The reducing base, which is undoubtedly the natural kreatinin of 
urine, when anhydrous, has the empirical formula C«H,N,0, bnt the 
efflorescent kreatinin, obtained only when great caro is taken to avoid 
heat, has the composition 04H T N,O.2H t O. After efflorescence this 
body has the same percentage composition as the anhydrous tabular 
kreatinin.— 

1 part by weight of the tabular kreatinin dissolves in 10 78 parts of 
water at 17° C. 

1 part of the tabular kreatinin dissolves in 362 parts of absolute 
alcohol at 17° 0. 

The efflorescent kreatinin (before efflorescence) dissolves in 10 6 parts 
of water at IV G. The effloresced kreatinin requires 14 parts of 
water at 14° G. for solution. 

The natural kreatinin of urine reduces cupric oxide in proportion 
as 12 • 10 parts by weight of gluoose. 

The average weight of this base passed by a hoaltby man in twenty- 
four hours (as determixed by weighing the spherical mercury salt 
precipitated from the urine as above) is from 1 7 to 2*1 grams, equiva¬ 
lent in reduoing action upon ouprio oxide to from 1’5 to 1'75 grams 
of glucose (= 23 to 27 grains of gluoose in 52 8 fluid ounces of 
unne). 

Therefore ouprio oxide will be reduced by the normal urine in quanti¬ 
ties equivalent to the reduction effected by 0 43 to 0*51 grain of glucose 
per 1 fluid ounce. The conclusion is that the total reduction effected 
by normal urine is accounted for by the uric acid and kreatinin which 
it oontains. 

Pari II. 

The natural urinary kreatioin yields a kreatin when its dilute 
aqueous solution is subjected to prolonged ebullition; and this 
kreatin, when treated by Liebig's process, is converted into kreatinin 
hydroohlotide. 

This artificial kreatinin hydroohloride differs from the hydrochlo¬ 
ride of the natural kreatinin of urine, in that it crystallises from cold 
aqueous solution in efflorescent crystals, whereas the hydrochloride of 
the natural base is always anhydrous. 
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Efflorescent and tabular kreatinina may be obtained from thia bydro- 
obloride, resembling in crystalline form and percentage composition 
tboae derived from the natural hydrochloride, bnt exhibiting some 
important differences. Tims the platinum Balt of the artificial 
tabular kreatinin requires nearly twice as much water to dissolve it 
as that of the natural base at the samo temperature. 

Both tho natural and artificial kreatinina form well-crystallised 
gold salts. The gold salt of the natural kreatinin is unchanged by 
ether, but that of the artificial base is decomposed thereby, the 
kreatinin hydrochloride separating out, and the aurio chloride passiug 
into solution. 

Finally the artificial kreatinina are less powerful reducing agents 
than the natural base. 

4 mols. of the natural kreatinina are equivalent to 2 mols. of 

glncose. 

5 mols. of the artificial kreatinina are equivalent to 2 mols. of 

glucose in reducing action. 

Therefore artificial kreatinina must not be compared with the natural 
base as to their reducing action. 

Note added 13th May, 1887. 

Professor W. N. Hartley has observed a marked differenoe in the 
absorption spectra of the natural kreatinin of unne, and of an 
artificial kreatinin obtained by the author from flesh kreatin. 


IX. “On Gatterolichenei, a New Type of the Group Lichmet" 
By G. Masske. Communicated by W. T. Thiselton DYES, 
f!r.S. Received May 5, 1887. 

(Abstract.) 

In the greater number of Lichmet, the fangal constituent belongs 
to the section Ateomycetet, characterised by having the spores pro¬ 
duced in asoi. Recently a second group of Lichmet has been de¬ 
scribed, and called Hymenolichenet, in which the fungns belongs to 
the Hymenomycetous liatidiomycetes, and closely related to the 
genera Oorticium and Stereum. In the present communication, a 
third type of lichen structure is described, in which the fungus 
belongs to the order Qcuteromycetei, or puff-balls. Qatterolichenei is 
the name suggested for this group, whioh consists of two genera, 
Enericella, Berk., and Triclwcoma, Jangh., hitherto described as 
fungi. 
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X. “ Experiments on the Discharge of Electricity through 
Gases. (Second Paper.)” By Arthur Sohustbr, F.R.S., 
Professor of Applied Mathematics in Owens College. Re¬ 
ceived May 18, 1887. 

Three years ago I gave a sketch of a theory of the passage of 
electricity through gases, in which it was assumed that in the 
gaseous discharge an atom carries a definite molecular oharge just as 
in electrolysis (see Bakerian Lecture, 'Roy. Soc. Proc.,’ vol. 87, 
p. 317). I showed how this moleoular charge if constant might be 
measured, and I have since that time worked continuously in arrang¬ 
ing for the necessary experiments. 

I have, with the help of a grant from the Royal Society, mounted a 
battery which gives mo an electromotive force of 1800 volts, which I 
hope will be sufficient for my purpose. The experiments which I have 
in view, involve the accurate measurement of the electric potential at 
different points of a vessel through which a discharge is passing; but? 
before these could bo undertaken a number of intermediate questions 
had to bo settled by experiment. As these have in this way estab¬ 
lished some definite points which 1 believe to be of importance, I 
venture to bring them before the Society. 

In thinking over the phenomena presented to us in vacuum tubes, 
I always felt a difficulty owing to our ignoranoe of the conditions 
whioh hold at the surface of bodies, either suspended in or near the 
discharge, or even at the boundary of the vessel through which the 
discharge is passing. It is evident enough, that if thero is a flow of 
electricity on the surface of a non-oonductor that flow must be 
tangential, bnt it is not so clear whether we are justified in concluding 
from this that there oan be no normal forces at such surfaces, for it 
is not necessary that the flow should always take place along the lines 
of force. Imagine, for instanoe, a discharge to consist of particles 
charging at one pole, then moving, under the action of electric fames, 
to the other pole; and let the vacuum be sufficiently good that few or 
no encounters take plaoe while it passes from one pole to another. 
Then bring an electrified body near the discharge. That body may 
deflect the particles conveying it, but unless its electrification is 
sufficiently huge, it will not draw up the discharge to its surface, so 
that the normal foroes on the electrified body which has been intro¬ 
duced need not be neutralised by the discharge. 

The question is one altogether for experiment to deride. Supposing 
we suspend two pieces of gold leaf, as in an eleotrosoope, at any plaoe 
in a partially exhausted vessel, and render them divergent by electri¬ 
fication, they should oollapse as soon as the discharge begins to pass, 
if tangential forces only oan permanently exist at their surface. This 
I bav* tested by experiment and found to be the case,’ 
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A cylindrical glass Teasel, 88 cm. high and 15 cm. -wide, mi 
divided into two approximately equal compartments by a vertical 
metallio screen. There was an open space of about 5 mm. between 
the screen and the sides of the vessel, a space about 4 cm. above, and 
2‘5 cm. below the screen. One compartment oontained two pieoee of 
gold leaf, which cqnld be charged from the ontaide. The other 
compartment oontained two electrodes about 5 cm. apart, and 2 om. 
from the screen ; these distances oonld be varied during the experi¬ 
ment. The screen was always conducted to earth, and the electric 
fields on the two aides of the screen were therefore nearly independent 
of each other. When the gold leaves were eleotrifled and divergent, 
and discharges from the induction coil passed between the electrodes 
on the other side, no effect oonld be observed at atmospheric pressure : 
the gold leaves remained divergent. 

At a pressure of about 4‘3 cm. of mercury, the effect I was looking 
for first appeared; when the discharge passed, the divergent leaves 
Uowly collapsed, and as the pressure was further diminished the 
collapse took place more and more quickly. 

We have here then even with the discontinuous discharge a neutra¬ 
lisation of all normal forces at the surface of the gold leaf. 

Fig. 1 illustrates in a diagrammatic form the arrangement of the 
experiment, A and B being the electrodes, S the screen conducted to 
earth, and E the gold leaf. 



In previous experiments, which were not so satisfactory from 
another point of view, and which I therefore do not quote, the same 
effects were observed both with the continuous currents from the 
battery and the discharges from the coil; the only difference being, 
that the effects due to the continuous discharge were more rapid and 
regular than those due to the induction ooil. As soon as the pressure 
was sufficiently reduced to allow the continuous discharge to pass, the 
destruction of nprmal forces took place. 

It seemed to me to be interesting to observe more particularly the 
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effort* of the ordinary discharges we have at onr command, at 
atmoepherio preeenre. 1 took two light halls, and suspended them 
so that they ooald be made to diverge by electrification. The 
electrodes (either spheres or points) of a Voss machine were placed at 
a distance of 8 inches from each other, and the electrified balls were 
placed at a distance of 9 inches from the discharge. The resalts 
are contained in the following table, in whioh the two first 
columns indicate whether the electrodes of the Voss math ne were 
points or spheree. The third column gives the electrification of the 
balls, and the fourth column the reenlts. 


NogntiTe electrode 

Pomtive electrode. 

Belli. 

Beenlt. 

Sphere 

Sphere 

Pontire 

Belle oollepee (lowly 

Point 

Point 

Negative 

Poaitave 

Negatare 

„ remein divorcent. 

„ oollepee quickly. 

„ remein di vergent. 

Point 

Sphere 

Negetwe 

Poeltire 

„ oollepee (lowly. 

„ „ quickly. 

» 


Negative 

„ remein divergent. 


It will be seen that when the two electrodes are similar, whether 
spheres or points, the balls collapse when they are electrified posi¬ 
tively only; bnt that when one electrode is a sphere and another a 
point, the balls collapse if their electrification is of the opposite nature 
to that supplied by the point. 

I shall refer to the theoretical hearing of these experiments at the 
end of the present paper, bat wish at onoe to point out, that the 
apparent difference in the results, for positively and negatively 
electrified balls, can be one of degree only, and not one of kind. 
If the balls are positively electrified, they collapse when the two 
electrodes are similar; bat in the other case, when the balls are 
negatively electrified, an equal and opposite charge will he fonnd on 
the objects placed in the room, or on the walls. If this positive 
eleotrioity is neutralised by the discharge, the halls mnst ultimately 
collapse in this case, as well as when they were originally positively 
electrified. To test this argument, I placed the halls in a glass 
case partially covered on the inside with tinfoil. The inside of the 
case was nearly a cubical space of sides 87 om. long. The front of 
the case was taken oat, and the discharge was taken between the two 
points near the open front. The balls now collapsed, whatever their 
charge was to begin with, bat more qniokly when they were positive 
than when they wen negative. 

Confining ourselves to the case of a discharge between point* said 
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positive bails in its neighbourhood, the question remains whether they 
will collapse ultimately, whatever their distanoe from the discharge, 
gr whether there is a finite distance beyond which no effect oan be 
observed, even if the discharge be oontinued indefinitely. Without 
wishing to express any final opinion on the point, I may yet give the 
impression I hare obtained from the experiments I have made. I 
believe that, whenever we have a continuous and steady discharge in 
an inclosure, however large, the complote neutralisation of all normal 
forces on surfaces through which no current goes is only a question 
of time, but that if there is any discontinuity in the currents (as I 
believe is the case in all discharges at atmospherio pressure) there is 
a definite distance (depending on the time intervening betwoon two 
discharges) beyond which no effect will be observed. 

The conclusion thus arrived at, whioh will be proved beyond 
possibility of doubt in the second part of this paper, is this : we can 
only have tangential forces at the surfaces of vessels enclosing a gas 
through which a discharge is passing, provided no enrrent crosses the 
aurfaoe. It may be that tins conclusion will appear evident to some 
without experimental proof, bat I found it necessary to obtain definite 
evidence, because the fact itself has been constantly neglected and 
disregarded. 

Thus, for instance, it is found that oloctrified bodies placed outside 
a vossel through which a gaseous discharge is passing, do not 
permanently affeot the appearanoe of the discharge, and this fact is 
commonly taken to prove that there can be no free electricity of either 
kind in the discharge. But it follows from the surface condition at the 
inside of the vessel, that this surface must act as a complete screen 
between the electrified bodies placed inside and those placed outside 
the vessel; and the experiment therefore proves nothing. 

In similar fashion, Goldstein observed that certain actions of one 
negative electrode on another were destroyed when a screen was 
interposed between them. The results obtained in this paper give 
the obvious explanation of this fact. 

After I had convinced myself that >n electrified body placed in a 
partial vacuum through whioh an electrio current is going, has its 
electricity quickly neutralised, it was doubtful still whether this 
neutralisation was due to an aotual discharge or merely to a covering 
of electrified particles of an opposite sign. The question is a vital oner 
in all oases where potentials have to be measured. For we oan only 
measure potentials of a gas by measuring the potential of a metal 
in contact with it; and if an electrified body is covered by electrified 
particles of a different sign, there is a finite difference of potential 
between the metal and the gas, and we should have to inquire care¬ 
fully, in each particular oase, how far such a difference would affeot 
onr conclusions. 
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Hittorf ha* measured with great success the fall of potential at 
different points of a vacuum tube through which a discharge was 
passing, and none of his principal conclusions are affected by these 
soraples, for he gives in his paper sufficient evidence that his method 
is applicable to the cases he has examined. But the purposes I have 
in view rendered a measurement of potential necessary under severe 
oonditions, in which a sorious error might have been introduced by 
assuming without verification that the potential of a metal is the 
same as that of a gas in oontact. 

Strictly speaking, the potential is always continuous as long as we 
are dealing with finite charges, but when a layer the thickness of 
which extends to moleoular distances has its sides ohargod with oppo¬ 
site electricity, it is customary to compare the two sides of Bnch a 
layer directly with eaoh other, and neglecting the rapid variation of 
potential within the layer, to speak of a discontinuity of potential. 
It is in this sense that I am here speaking of a possible finite differ¬ 
ence of potential between a metal and the gas in contact. 

The qnestion is settled by the principal result of this paper: 

A steady current of electricity can be obtained in air from electrodet at 
the ordinary temperature which are at a difference of potential of one 
quarter of a volt only (and probably less ) ; provided that an independent 
current it maintained in the same closed vessel. 

In other words, a continuous discharge throws the whole vessel into 
such a state that it will conduot for electromotive forces whioh I 
believe to be indefinitely small, but which the sensitiveness of the gal¬ 
vanometer I used has prevented me from tracing with certaiuty below 
a quarter of a volt. There cannot be therefore a finite differonoe of 
potential between a gas and a metal in contact greater than that 
aihount. 

Hittorf,* who has done more to clear up this subject than anyone 
else, has found already that a current from a few cells will pass cross¬ 
ways through a discharge in vacuo, but his auxiliary electrodes wore 
introduced into the discharge itself, and it was doubtful, therefore, 
how ftur the results were due to the high temperature of the particles 
carrying the luminous discharge.^ I was aiming, on the oontrary, at 
placing the secondary electrodes as far from the mam discharge as 
possible, and at rendering by means of screens the two electric field* 
as independent of eaoh other as possible. 

I need not describe all the successive experiments in whioh I have 
endeavoured to make my testa more and more severe. It will be 

• * Wlsdemsnn, Anaalsn,' rot 7, p. 014. 

f That high temperatura itself U a matter on whioh authorities differ. I do not 
desire at portent to oommit myself to any view whioh seems to me to involve a 
definition of “ temperatures " under exceptional circumstances. 
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sufficient to give an aeoonnt o t those experiments which I consider 
moat oonolasive. 

The same vessel was nsed as in the previous experiment; the screen 
was not so long, bnt left a space of 10 cm. tree at the bottom. Fig. 9 
will explain the arrangement. SS' is the screen, always conducted te 


Fio 2. 



earth; A and B are the electrodes for the main discharge; C and 1) 
are the auxiliary electrodes, which were of the form of copper cylin¬ 
ders, 4 cm. high, and having a diamoter of 1 and 1*8 cm. respec¬ 
tively. Their distance was 2 cm., and their axis was 2 cm. away from 
the screen. Of the main electrodes, one was 2 cm. and the other 
1 cm. away from the screen; their distance was about 4 om. The 
discharge from the battery was always used. Whenever a steady 
current passed between A and B, an auxiliary battery of Clark oells 
would send a steady onrrent between C and D, and the lower limit of 
electromotive force capable of producing a measurable current seemed 
only to depend on the delicacy of the galvanometer. 

Thus, for inatanoe, at a pressure of about { mm., a current of 0*11 
ampere was sent from A to B ; and the following currents were 
obtained when the poles of an auxiliary battery were connected with 
C and D, the galvanometer being inserted in the auxiliary circuit:— 


40 Clark cells .. 0*032 micro-amp&re.* 

20 . 0*021 

10 0014 

1 LedancM . 0 005 


On another day I tried to reduce the electromotive foroes still 
further. The galvanometer, however, had for this purpose to be 
rendered so astatio that the always changing torsion of the fibre sus¬ 
pending the mirror was a source of serious trouble; for this reason 
the numbers have not much value in themselves, but there was no 


* 1 micro-unpfers - 1 tapirs x 10~*. 
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doubt in eaoh owe u to the exigence of a current. The whole effect 
wm smaller on that day for reasons which oonld be traced. 

1 Leolanch£ gave a current of 0*0010 mioro-amp&re. 

S/18 „ 0*0011 

1/6 „ „ 0 0003 

The main current in these last experiments was 0*006 amp&re. 

An electromotive force of one-sixth Leolanchd is about one-quarter 
of a volt, and a current has thus been obtained in a gas from an 
electromotive force whioh oould not maintain a current through 
water. 

An electromotive force of 0‘1 volt gave doubtful reaulte, but this 
was probably due to the experimental difficulty of detecting the 
current. 

In some previous experiments, whioh, however, were not quite free 
from objection on other grounds, the lowest electromotive force for 
which the currents could be measured was 0*2 volt. 

The experimental arrangement whioh is the beet for the qualitative 
investigation of the effect is not the beet for quantitative measure¬ 
ments, and I have therefore not endeavoured to follow out to any 
great extent the quantitative laws of these currents produced by low 
electromotive forces. I may give, however, some facts which I have 
observed. The intensity of the current depends on a great many 
circumstances. 

1. It increases rapidly with the intensity of the main discharge, and 
also with a reduction of pressure, as far as I have tried it (that is 
about | mm.). 

2. The intenaity of the current from the auxiliary battery increase* 
less rapidly than the electromotive force. 

3. In some experiments in which one of the electrodes of the 
auxiliary battery was a oopper wire and the other a copper cylinder, 
the current was nearly always considerably stronger when the larger 
surface was the kathode. 

4. Anything that facilitates the diffusion of gas from the main 
current to the auxiliary electrodes will increase the strength of the 
eunent observed. In some experiments, in which the screen sepa¬ 
rating the two fields was made of wire game instead of tinfoil, the 
currents were stronger than those given above. 

5. In the arrangement shown in fig. 2 the currents were stronger 
when the main electrode A was negative than when it was positive. 

Considerable care has to be taken, especially when no screen is used 
or when it is not conducted to earth, in order to avoid leakage 
currents. However well tbe battery may originally have been insu¬ 
lated, the insulation always grows worse with time (owing to dust and 
moisture). If, then, any part of the auxiliary circuit itself is not pro- 
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perly insulated, we easily get a current throngh the galvanometer 
which is nothing but a branch current from the main discharge. Snoh 
a leakage current, even when it is weak, considerably increases the 
effects described in this paper. 

These experiments show conclusively that there is nothing peculiar 
in the gaseous state of a body to prevent any electromotive force how¬ 
ever small from producing a current. If a finite electromotive force is 
required under ordinary circumstances the fact cannot be accounted 
for, as Ed land and others have attempted to do, by a special surface 
resistance which has to be overoome by a finite difference of potential 
at the surface. 

I think the facts are very well accounted for by the thoory which I 
have proposed in my last paper. If ‘the two atoms of a gas making 
up the molecule are chained by opposite electricities, but are held 
together in addition by molecular forces, a finite force is required to 
overoome the latter. But as soon os that force is overcome and the 
atoms themselves are set free to diffuse and constitute a current, these 
atoms will be able to follow any eleotromotive force which we may 
apply. If, then, wo have auxiliary electrodes, these electrodes will 
establish their electric field which we can nover screen off completely* 
from any other part of the vessel exoept by closed surfaces. The 
atoms, with their positive and nogative charges, will diffuse across to 
the auxiliary electrodes and give off their electricity to them. No 
finite difference of potential i'b required in the auxiliary electrodes, 
because even if there is work done in making an atom interchange its 
positive for negative electricity, that work is nndone again at the 
other pole, where atoms of a similar kind interchange negative for 
positive electricity. 

This I believe to be the general explanation of the phenomena de¬ 
scribed in this paper. In order to account for the peculiar difference 
between positive and negative electricity whioh appears in the experi¬ 
ments done at atmospheric pressure, also those mentioned under A 
(p. 377), we mnst make some farther supposition. I have already 
mentioned in my last paper that, according to the theory I have pro¬ 
posed, we must imagine the molecules to be broken up at the negative 
pole, and I believe that this fact will ultimately be found to account 
for this apparently unsymmetrical property of the two electricities; 
but I should like to strengthen my aase by farther experiment before 
going into details on this point. 

I should like, m conclusion, to point out an important application of 
these results. I have last year obtained by calculation results which 
seem to show that the principal cause of the diurnal variation of ter¬ 
restrial magnetism is to be looked for in the upper regions of the 
atmosphere. Professor Balfour Stewart at various times suggested 
that the air currents in these regions may, owing to the linee of 
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force of terrestrial magnetism, hare electric currents circulating in 
them. 

The difficulty against this supposition always seemed to me to lie 
in the fact that the electromotive forces required to start a current 
were larger than those which could possibly exist in the atmosphere. 
But as there are very likely continuous electno disturbances going on, 
■ooh as we observe in aurora and thunderstorms, the regions within 
which these discharges tako place would act as conductors for any 
additional electromotive force however small, so that any regular 
motion, such as tidal motions, could very woll produce periodic effects 
affecting our magnetic needles. 

If these original discharges inorease in importance, then, according 
to the results obtained in this paper, the currents due to the smaller 
periodic causes would increase also, and they may increase in a very 
rapid ratio. We know that the electric discharges in the upper 
regions of the atmosphere are considerably stronger at times of many 
sunspots, and this may account for the fact that at those times the 
amplitude of the daily oscillation of the magnetic needle is consider¬ 
ably increased. 

I have had considerable assistance in these experiments from my 
assistant, Ur. Stanton, to whom my best thanks are due. 


XI. “Contributions to our Knowledge of Antimony Penta- 
chloride.” By Richard Anschutz and P. Norman Evans. 
Communicated by Prof. A. W. Williamson, For. Sec. R.S. 
Roceived May 5, 1887. 

Some months ago* we showed that antimony pentachloride can 
be distilled, undeoomposed, under much diminished pressure; our 
next step was the attempt to determine the vapour-density under 
similar conditions. The fact that the boiling point of antimony penta- 
ohlonde lies much lower than that of the trichloride would seem to 
show that the vapour-density of the pontachlorido, as in the case of 
the trichloride, corresponds to the simpler formula. Nevertheless, 
on aooount of the fundamental importance which the establishment of 
the simple formula SbCl 5 would have for the valenoe of antimony, 
it seemed indispensably necessary to make a determination of the 
vapour-density. We will preface oar further observations with the 
remark that we have not yet succeeded in determining the vaponr. 
density of antimony pentachloride under diminished pressure j how¬ 
ever, in the coarse of many unsuccessful attempts which we have 
made to this end, we had one point thrust on onr notice, whioh on 
* ' Obem. Boo. Joum.,’ voL 40,1886, p. 708s 
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investigation led to some important remits concerning onr knowledge 
of the ohemioal nature of antimony pentaohloride. 

Antimony pentaohloride is well known to be an extremely hygro¬ 
scopic body. Consequently in the application of La Coste’s modifies- 
tion of Viotor Meyer’s method for the determination of vapour- 
densities under diminished pressure, it was neoessary to substitute 
liquid paraffin for water; yet, in spite of numerous oareful experiments, 
we could not attain our object, the liquid paraffin offered too great a 
resistance to the air, and before all the air had been driven ont the 
antimony pentaohloride distilled into the upper and cooler parts of the 
apparatus. During these experiments it was proved to us that it is 
next to impossible to prerent the formation of traces of the white 
substance, which is the result of the action of water on antimony penta- 
ohloride. Wo were accordingly constrained to put this method aside. 

Before attempting the determination of antimony pentaohloride by 
another method, we deemed it best first to find ont the nature of die 
error caused by the foimation of the minute amount of the product 
of water reacting on antimony pentaohloride. 

After careful consideration we were struck by the contradiction 
between the conclusions of Daubrowa* and those of R Weber,t con¬ 
cerning the behaviour of antimony pentaohloride with water. Accord¬ 
ing to the latter, antimony pentacbloride forms with water a hydrate, 
which is impossible if with 1 mol. of water antimony pentachloride 
is ohanged in the cold to SbOCl s and 2 mols. of hydrochloric acid, as 
Daubrawa thinks he has proved. 

The following results of our experiments show that Daubrawa’s 
statements oonceming antimony oxychloride, SbOCl*, are entirely 
wrong. In connexion with these studios wo havo occupied ourselves 
with the action of oxalic acid on antimony pentachloride, and have 
succeeded in obtaining the remarkable product of this reaction in a 
pure state. 


Reaction of Water on Antimony Pentachloride. 

Daubrawa allowed 1 part by weight of distilled water to drop from 
a pipette into a flask, surrounded by ice, containing 1C parts by weight 
of antimony pentaohloride. He found the decomposition accompanied 
by hissing, and by tbe formation of vapour, giving no white pulvern. 
lent precipitate, but forming a yellowish distinctly crystalline mass, 
which adhered to the flask. This crystalline mass, tbe behaviour of 
which with water Daubrawa deecribos in detail, is, according to 
bis analysis, antimony oxychloride, SbOClg, and he expresses its 
formation frond antimony pentachloride and water by tbe following 
equation:— 


• * Liebig’s Annslen,’ vol. 186,1887, p. 118. 
t * Poggendorff, Annslen,' vol. ISA, 1865, p. 80. 
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Cl 

Cl 

Cl + H.O = SbOCl, + 2HC1. 
Cl 
lei 


We proceeded exactly as above described, and joined to onr flask a 
receiver containing a weighed quantity of water in winch to oolleot 
the liberated hydrochloric acid. To 21 5 grama of well-cooled anti¬ 
mony pentacbloride, which had been purified by distillation under 
diminished pressure, we added drop by drop 1‘2 gram, tho calculated 
amount, of water, and found to our surprise that no hydrochloric acid 
was liberated; also that the yellowish crystalline product was oqual in 
weight to the sum of the weights of the water and antimony penta- 
ohloride originally taken 

The resulting product was only partly soluble in chloroform, and 
was therefore a mixture of different substances. 

We therefore altered the conditions of the experiment. In order 
to moderate tho reaction we dissolved 20'4 grama of pure antimony 
pentacbloride in about the same volume of chloroform, and added 
drop by drop to the coolod solution the calculated amount, l'l gram, 
of water, shaking constantly. The formation of the new body was 
soon apparent by the separation of almost colourless crystals; the 
yellow colour of the chloroform, caused by the antimony pentoehloride 
(which according to our experience is never oolourless, but always a 
bright yellow liquid), gradually disappeared, and at the end of the 
reaction the crystals which had separated were covered by colourless 
liquid. Under these changed conditions there was again no trace of 
hydrochloric acid sot free. We next heated our produot nearly to the 
boiling point of chloroform, adding sufficient dry chloroform to dis¬ 
solve tho orystala which had separated. From this solution a oom- 
ponnd was deposited in feathery crystals. After decanting the motber- 
liquor, these were washed with a small quantity of chloroform, and 
placed to diy in a vacuum desiccator om a porous plate that had been 
previously heated. This body is so extraordinarily hygrosoopio that 
the analyses were not very easy; however, the results leave no doubt 
that 8bCl,H g O is the formula:— 


1. 0‘2719 gram substance gave 0 6074 AgCl. 

2. 0-1467 „ „ 0-3270 AgCl. 

8. 0-1467 „ „ 0-8290 AgCl. 

4. 0-8003 „ „ 0-1461 8b,0 v 

6. 0*8104 „ 0 1492 Sb,0*. 

6. 0-2020 ., „ 01061 SbgS]. 

7.1- 1387 „ „ 0-0961 H,01 

8.1- 8906 „ „ 0-1180 H|OJ 


Combustion with 
lead chromate. 
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CWoulated Found. 


SbCl*H,0. 1. t 3. 4. 6. 6. 7 8? 

Cl... 55-90 55-26 5552 55 48 — — — _ 

Sb.. 88 42 — — — 38-53 38-08 37 09 — — 

H... 0-63 — — — — — — 0-93 0-94 

0... 5-04 


99 99 


We provisionally designate this body as antimony pentachloride 
monobydrate, without expressing any opinion concerning the con¬ 
stitution of this addition product of equal molecules of water and 
antimony pentachloride. From chloroform, the inonohydrate crys¬ 
tallises in leafy or feathery crystals resembling sal-ammoniac, having 
A molting point lying between 87“ and 92°. If oxposed to the air it 
deliquesces to a clear liquid, which over sulphuric acid gradually 
crystallises again in broad needles, described by Daubrawa as a 
property of his supposed oxychloride. We have not further examined 
this body. 

When one tries to distil tho antimony pentachloride monohydrate 
under diminished pressure—under 20 mm. with the bath at 105°—a 
mobile yellow liquid distils over; this, after two rectifications, boiled 
constantly at 73° under 17 mm. (bath 90°) Two chlorine determina¬ 
tions gave, as was expected, results for antimony pentachloride. 


1. 0 2510 gram substance gavo 0-5965 AgCI. 

2. 0-2879 „ „ 0-6885 AgCl. 


Calculated for 
BbOl,. 

Cl .... 59-24 .. 


Found. 



1 . 11 
58-80 5915 


There separated from a fraction boiling somewhat higher crystals 
of antimony trichloride, leaving a residue of a waxy consistency 
which oould. not be distilled. 


22*7 grams SbCl,HjO gave 12 8 grams SbCl,. 

•i .i 11 grams SbCly. 

„ » 6 4 grams residue. 

„ „ 2 4 loss. 

Although after this experience it was not probable that ws oould 
obtain antimony oxychloride, SbOClj, by heating antimony peuta- 
chlonde monohydrate, we repeated the experiment in another form. 
We heated 24*4 grams of antimony pentachloride, mixed with about 
twioe its volume of chloroform and 1'4 gram water, in a cloeed tabs 
to 100° on a water-bath. The crystals of the monohydrate whieb 
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ware firat formed went into solution, and on opening the tube before 
a lamp at the end of liz hour* we found much pressure; a gas 
smelling like phosgene was liberated. The tube was again dosed 
and heated afresh to 100 s . The opening and closing was repeated, 
first, at intervals of six hours, and later, as the pressure diminished, 
of twelve hours, until after about fourteen days the pressure was no 
longer noticeable. 

On working np the products of the reaction we found, besides 
antimony tri- and penta-chloridee, phot gene in solution in the 
ohloroform, from which we prepared diphenyl carbamide, m. p. 289*. 
For the formation of phosgene gas it is not necessary to work in 
dosed tubes. A chloroform solution of the monohydrate, heated to 
its boiling point on a water-bath, yields a steady stream of phosgene 
mixed with hydroohlorio acid. A similar decomposition takes plaoe 
when carbon tetrachloride is heated with antimony pentachloride 
monohydra to in a dosed tube to 100°. We will communicate the 
quantitative relations of this reaction after we have verified our first 
observations by repeated research. , 

One oan make the tetrahydrate of antimony pentachloride even 
more easily than the monohydrate. For this purpose we dissolved 
29*3 grams of antimony pentachloride in about twice its volume of 
chloroform, and after snrronnding the flask containing this solution 
with ioe, lot fall drop by drop 7 grams, the calculated quantity, of 
water. Again, in this experiment, no hydroohlorio acid was given 
off. The mixture remained at first liquid, but when placed in a 
vacuum desiccator over sulphurio add and paraffin, there separated 
slowly a hard crystalline mass, which wss quite insoluble in ohloro¬ 
form. Two chlorine determinations made after washing the sub¬ 
stance with ohloroform agree with the formula SbClgHgO,. 

1. 0*3968 gram substanoe gave 0*7696 AgCl. 

2. 0*3414 „ „ 0*6630 AgOl. 

Found. 

Calculated for ,-»-, 

SbCljHjO,. 4. II. 

Cl.... 47*77 . 48*04 47*31 

Thus betides the monohydrate of antimony pentachloride a tetra¬ 
hydrate also exists, the latter being easily prepared from a ohloroform 
ablation of the former by the aotion of water, and differing from the 
noaohydnte among other things in being insoluble in ohloroform. 

From the foregoing evidence it appears that antimony oxyohloride, 
SbOClg, is certainly not formed by the action of water on antimony 
pentachl o ride; but if equal molecules of these substances are allowed 
to react, the compound 8bCl,H,0 is formed, which we have called 
antimony pentac hlori de monohydrate. This product is most oon- 

TOL. xlil 2 v 
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veniently formed when water aote on chloroform eolation of antimony 
pentaohloride, without setting free hydrochlorio add, aooording to the 
eqnation— 

SbCl s + HjO = SbOljHjO. 

When one brings together weights equivalent to 1 mol. of antimony 
pentaohloride and 4 mols. of water, the tetrahydrate of antimony 
pentaohloride is formed, as described by R. Weber. We most pnt 
aside Danbrawa’s contradiction of the facta of R. Weber, and etrike 
Danbrawa’s hypothetical antimony ozyohloride, SbOClj, from the 
list of the known antimony componnda. 

The Reaction of Antimony Pentaohloride and Oxalic Add. 

As has already* been remarked, our research on the chlorides of 
antimony sprang originally from the wish to find oat if the reaotion 
at anhydrous oxalic acid and antimony pentaohloride was analogous 
to that of phosphorus pentaohloride, forming an antimony oxychloride, 
•SbOCl,, corresponding to the oxychloride of phosphorus. The know¬ 
ledge of the action of water on antimony pentaohloride, forming 
mono- and tetra-hydrates, increased the interest in the attempt to 
discover the action of oxalio acid on the same body. 

On mixing equal molecular weights of pore anhydrous oxalic acid 
and antimony pentaohloride, a violent development of hydroohlorio 
acid takes place, the mixture forming a nearly solid white mass. 
The generation of hydroohlorio acid soon ceases. On heating to 
about 160° decomposition begins again, carbonic dioxide and hydro¬ 
ohlorio acid being given off, the mass becoming gradually liquid. 
This dearly showed that the reaction ran in two stages. In the case 
of the monohydrate we had obtained our object so qniokly by the nee 
of chloroform, that we did not pursue the direot action of antimony 
pentaohloride on oxalio acid farther, but substituted a cooled solu¬ 
tion of 35'5 grams of antimony pentaohloride in 83'8 grams of ohloro- 
form, with 10‘6 grama of anhydrous oxalio acid. The reaotion 
oommenoed in the odd; at first hydrochloric acid mixed with a small 
quantity of carbon dioxide was given off, bat soon only hydroohlorio 
acid; gradually a considerable amonnt of a white crystalline body 
fell ont of solution. After the development of hydrochloric acid had 
oeated, we heated the product of the reaotion, dissolving the greater 
part at the crystals. We filtered hot, and beautiful transparent 
' colourless crystals separated from the filtrate, which we had plaoed 
in a desiooator over sulphuric aoid and paraffin. The residue, in¬ 
soluble in tiie hot ohloroform eolation, weighed 4'9 grams, and 
oonsisted chiefly of unaltered oxalio aoid. The quantity of hydro* 


• * Chem. Soc. Jounu,' roL 40, p. 708. 
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dhkmo Mid collected wu 4- 7 gram*, while 8'5 grama should have 
been found had the reaction taken place according to the equation— 

(COOH), + SbCl, = SbCl s O + CO, + 00 + 2H01. 

This reaction was, however, impossible, owing to the small quantify 
of carbon dioxide givon off. The quantity of hydrochloric aoid found 
indicated that two moloonles of antimony pentachloride had reacted 
with one of oxalic aoid. The tabular crystals from tho chloroform 
eolation melted at from 148 5° to 149°, decomposing at a somewhat 
highen temperature. The values found by analysis corresponded to 
the formula SbjCIgOjO,. 

1. 0*4860 gram substance gave 0 2687 8b,8,. 


2. 0*2647 

» ,, 

01421 Bb^,. 



8. 0-1444 

„ „ 

0-2670 AgCl. 



4. 0-2261 

„ „ 

0-4174 AgCl. 



5. 0-8117 

„ „ 

01960 OjO.Oa+HA 



6. 0-2622 

„ „ 

0 0689 C|0,Cs t H,0 



7. 0-2958 

„ „ 

0-0416 CO, and 00160 H,0 

Combustion with. 

8. 0 8777 


0-1162 00, and 00162 11,0 

lead ohromate. 

Oaloulated 

for 


Found. 



z. 

2. 8. 4. 



Bb,Cl^A- 

Sb.. 39-61 

38-93 

38-62 — — — 

— — 

— 

01... 40-10 

— 

— 45-74 45 04 — 

— — 

— 

0... 389 

— 

— — 

— 3-83 

361 

C,0 4 14-28 

— 

— — — 14-47 1407 — 

— 

H... 00 

— 

— — — — 

— 0-59 

0-20 


The compound, SbjClgCjO,, is formed according to the equation— 

(COOH), + 2SbCl, = 0,0 4 Sb,Cl g + 2HC1. 

Proceeding exactly as described above, but taking one molecule of 
■ox&lio aoid to two of antimony pentachloride, i.e, twioe the quantify, 
almost the entire product is soluble in chloroform. 

37'2 grams SbCl, dissolved in 55 grams CHClg and 
5'5 grama (COOH), gave 
4*3 grams of HOI, the calculated quantity being 
4-8 grams. 

It is necessary to have a good return-flow oondenser in order to 
avoid a considerable quantity of chloroform distilling into the 
weighed water, used for collecting the hydroohlorio acid. On mnHng 
SbiGlgG^ with warm water, it is decomposed, setting oxalic aoid 
free. This may be easily determined after removing the antimony 
tram the aoid solution. The following constitutional formula seems 

2 r 2 
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most (imply to explain the formation and deoompoution of thu new 
compound — 

COOSbCl* 

1 ioosboi* ’ 

oxalic acid in which the hydrogen atoms are replaced by the univalent 
radical Sb'Cl 4 Considering the fact that the oomponnd does not 
unite with a second molecule of oxalio acid, the foimula— 

COCX 

11 Lo> sbcl ' sbo, ‘ 

does not seem at all probable According to formula I one can 
compare the oomponnd with di&mmonmm oxalate, and designate it as 
ditetrachloratibonmm oxalate, or as we prefer, look on it as the 
mixed anhydride of oxalic acid and the yet unknown acid, SbCl 4 OH 
As a result of these simple experiments we can understand the 
entirely different behaviour of autamony and phosphorus peuta- 
ohlondes towards the carbon compounds oontaming oxygen and 
hydrogen Antimony pentachlonde unites, as we have proved, with 
water Phosphorus pentachlonde decomposes water Antimony 
pentaohlonde has no inclination to change chlorine for oxygen Phot* 
phorus has this inclination in an extraordinary degree Phosphorus 
pentaohlonde attaoks hydroxyl or ketone groups, replacing oxygen 
by respectively one or two atoms of chlonne, being itself converted 
into oxychlonde Antimony pentachlonde, on the other hand, reacts 
on the hydrocarbon residue, substituting chlonne for hydrogen, and 
itself becoming antimony tnohlonde 

Phosphorus pentachlonde acts similarly to antimony pentaohlonde, 
substituting chlonne for hydrogen m those organic compounds which 
contain no oxygen, or oxygen in such firm combination with carbon 
as not to be available for the formation of phosphorus oxyohlonde 
Antimony pentaohlonde may react as phosphorus pentaohlonde on 
compounds similar to oxalio acid, containing no hydrogen attached 
to carbon which can be replaced by ohlonne The compound 
(COOSbClJ, is of especial theoretical interest, as showing the 
process of the reaction of phosphorus pentaohlonde on substanoes 
containing the hydroxyl group The first stage of the reaction con¬ 
sists, evidently, of the formation of compounds analogous in com¬ 
position to the body (COOSbOlJ, 

If, however, the oxygen of a hydroxyl group is held m loose com¬ 
bination, the formation of phosphorus oxyohlonde and the substitu¬ 
tion of ohlonne take place simultaneously What, however, Will 
happen when the substitution of oxygen is diffioult, ss in phenol or 
(he aromatio oxyaods P Attempts to answer thu question aw now 
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in progress in the laboratory of the Chemical Institute of the 
University of Bonn, and wo anticipate that the reanlt will be the 
preparation of bodies having the general formula R OPCl 4 


XIL " Note on the Electrodepomtion of Alloys and on the 
Electromotive Forces of Metals in Cyanide Solutions ” By 
Sxlvanus P Thompson, D Sc, BA Communicated by 

Professor G Cvrky Foster FRS Received May 12, 

1887 

It is known that the eleotrodeposition of each alloys as brass, 
tnonse, and Gorman silver is not practicable from mixed solutions of 
(the sulphates or chlorides of tho constituent metals, but can be 
accomplished by using cyanide solutions or neutral solutions con¬ 
taining cyanide of potassium in excess, thereby apparently departing 
from the law of Berzelius that out of a solution of mixed metals the 
least electropositive metal is deposited first 

To ascertain the cause of these facts the author has investigated— 
(a) The electromotive forceH of a number of metals in aqueous 
solutions of cyanide of potassium 

(b ) The dependence of these eleotromotive forces, in particular those 
of oopper and zinc, upon the degree of concentration of the solution 
(c ) The variation of the electromotive forces of oopper and zino in 
-a standard solution of cyanide of potassium at varying temperatures 
,(d) The eleotiomotive forces of zinc and oopper m a “ brassing** 
■solution consisting of the mixed cyanides of nno and copper, having 
exoess of cyanide of potassium present, and their variation at different 
temperatures 

It is found that the effeot of higher concentration of the cyanide 
solutions is invariably to increase the eleotromotive force of oopper 
more than it increases that of zinc 

In a oold dilute solution of oyamde of potassium the eleotromotive 
force of nno against carbon is 1158 volt, while that of oopper against 
carbon is 0 948 volt, or tint is 0 210 volt higher than oopper In a 
boiling saturated solution of oyamde of potassium, the electromotive 
loros of zinc against oarbon is 0 768 volt, and that of oopper 
against carbon is 1 300 volt, or oopper is 0 532 volt higher than 

It is therefore possible to ocmstract a voltaic battery containing one 
metal only, namely oopper, and one electrolyte only, namely an aqueous 
solution of oyamde of potassium, kept hot at the anode and oold at 
the oathodWof the oell 

In oyamde solutions containing about the following number of 
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grams of cyanide to the litre, the following were the electromotive 
foroee observed with a carbon oathode — 


Solution oontaimng per litre 

09 4 grama | 191 4 grunt | 1 18 grama 

Zrao 1 520 

Copper 1 426 

Brat* 1 400 

German a liver 1 05 

Gold 0 886 

Silver 0 845 

Lead 0 64 

Iron 0 47 

Steel 0 44 

Platinum 0 27 

Carbon 0 

Metala at 18* C 
Copper 1 484 

Zno .. 1 401 

Bmaa 1 81S 

German tilver 0 98b 

Gold 0 884 

Silver 0 810 

Lead 0 609 

Iron 0 181 

Steel 0 161 

Platinum 0 017 

Carbon 0 

Zinc 1 18 

Braaa 0 68 

German ailver 0 60 

Lead 0 44 

Copper 0 89 

Silver 0 89 

Gold 0 84 

Steel 0 80 

Iron 0 80 

Platinum 0 14 

Carbon 0 


Several of the metals exhibit maximum electromotive force at an 
intermediate concentration 

The following figures were obtained for zinc and copper msolntum* 
of cyanide of varying strengths at 17° 0 — 


Grama per litre 

IMF unc 

BMP copper 

Differenoe Z—C 

a 9 

1 168 

0 948 

+ 0 210 

6 9 

1 167 

0 967 

+0 200 

11 2 

1 184 

1 018 

♦ 0 166 

28 8 

1 221 

1 068 

+0 168 

47 7 

1 269 

1 180 

+ 0 189 

96 6 

1 803 

1 220 

+ 0 060 

191 1 

1 866 

1 860 

-0 006 


In a mixed solution of cyanides of zinc and copper there is a 
neutral condition where the electromotive force* of nno and copper 
an equal, and this neutral condition vane* with the relative amount* 
of metal present, with the concentration of the solution, and with the 
temperature The neutral temperature for a solution of given ooo* 
oentration is lowered by adding cyanide of potassium, and is raised 
by adding ammonia The neutral point, however, is not well 
defined, the behaviour of oopper being very unoertam, in general 
the electromotive force of dean oopper in a cyanide solution rise*, in 
some oases as much as 0 06 volt, in a few seconds after* rmmersiot, 
but u rapidly though temporarily lowered on agitation 
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Since the degree of concentration of the eolation greatly affect* the 
electromotive force of the metal, and einoe in the act of deposition of 
a metal from its eolation the concentration of the liqoid around the 
cathode is reduced, owing to slowness of diffusion, it follows that in 
eleotrodeposition the ooanter electromotive foroe at the cathode will 
vary with the rate at which metal is being deposited, and will, 
therefore, vary with the current-deneity employed. And sinoe, more¬ 
over, the variations in electromotive force due to differences of con¬ 
centration are greater for copper than for sine, it follows that in the 
deposition of brass from a mixed solution of oyanides of a medium 
concentration in which sino is slightly more electropositive than 
copper, there will be a certain density of current with which the 
metals will be deposited in nearly equal quantities, whilst for weaker 
current-densities the less electropositive metal will bo deposited in 
exoess, and for stronger current-densities the more electropositive 
metal will be deposited in excess. 

Hence to variations in the concentration of the electrolyte near the 
cathode are dne the departures, observed with all currents exoept 
weak ones, from the law that out of a solution of mixed metals the 
least electropositive is deposited first. 


XIII. “On the true Fructification of the Carboniferous Cala- 
mitee." By William Crawford Williamson, LL.D., F.R.S., 
Professor of Botany in the Owens College and the Victoria 
University. Received May 17, 1887. 

(Abstract.) 

The true systematic position of the Carboniferous Calamites has 
long been a debatoable subject, owing to the lack of satisfactory 
evidence respecting the character of their fructification. Some yearn 
ago, Mr. Carrnthers and the late Mr. Binney expressed their oou- 
vietion that Calcmottachye Binney ana stood in that relationship to 
Cala mit es, a conclusion which the author was unable to accept; but 
in 1869 he obtained a fragment of a n ’ Cryptogamio fruit, of which 
he published an aooount in the ‘ Memoirs of the literary and Philo¬ 
sophical Society of Manchester. 1 The central axis of this Strobiles 
presented so many details of structure hitherto seen only in Calamites 
a* oonvinoed the author that it was the true fructification of these 
plants. 

Many yean elapsed before a seoond example of this interesting 
fruit was discovered, but seven or eight specimens of it recently 
found in a nodule from near Oldham, have oome into the author’s 
possession; these examples are in a sufficiently excellent state of 
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preservation to enablo him to illustrate almost every detail of their 
structure. They not only support his previous conclusions, but 
they supply irresistible evidence that those conclusions are oorreot 
ones. Fortunately, at least three of the Strobili have attached to 
them the ends of the twigs whioh supported them; these peduncles 
are indisputably Calamites of the type to which Gdppert assigned 
the generic name of Arthropitna, which genus several of the French 
Paleontologists have long insisted npou classing with the Gymno- 
spennons plants. 

The frnit is beyond question that of a true spore-bearing Crypto¬ 
gam; a fact which determines the Equisetiform affinities of the 
entire Calamitean group; since if any members of that group might 
possibly have been regarded as Gymnos perms, it certainly was those 
of the Arthropitean type. But of all snch pottibiliUet there is now 
an end. 


XIV. “ On Fossil Remains of Echidna Ramayi (Ow.). Part II." 
By Sir Richard Owen, K.C.B., F.R.S., &c. Received May 
20,1887. 

(Abstraot.) 

Since the transmission of the evidence of the large extinct species 
of Echidna, the subject of the paper (‘ Phil. Trans.,’ 1884, p. 273, Plate 
14), the discoverer of the specimen, Ed. P. Ramsay, Esq., F.L.S., has 
prosecuted his researches in the “ Wellington bone and breccia oaves, 
New South WaleB,” and has added to the mutilated subject of that 
paper an entire humerus, a large portion of the skull, the atlas 
vertebra, a tibia, and fragmentary evidences of other parts of the 
same skeleton—adding to the knowledge of a former existence in 
Australia of Echidna Ramtayi. 

The edentulous condition, proportions, and conformation of the 
jaws, together with other characteristic modifications of this mono- 
trematons genus, are repeated on the same magnified scale as in 
the mutilated arm-bone previously described and figured. 

The predatory subject of the paper on Thylacoleo eamifea (‘ Phil. 
Trans.,’ 1887) was discovered in the same cave, and exemplifies the 
leonine marsupial whioh contributed to the extinction of the larger 
phytophagous and mouotrematous Mammals of the Australian Con¬ 
tinent. 
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XV. u Description of a Newly-excluded Young of the Omitho- 
' rhynehut paradoxus,* By Sir RlOHABD Owen, K.C.B., F.B.S., 
4c. Received May 20,1887. 

(Abstract.) 

Of this interesting and long-hopod-for discovery the author was 
informed by his friend and correspondent, the Baron von Mueller, 
F.R.S., of the Botanical Gardens, Melbourne, and shortly received 
the specimen from the Baron: also, farther details from Mr. Le Sonef, 
of the Zoological and Acclimatisation Society's Office, Melbourne; 
and from the Rev. Pastor Hagenauer, Superintendent of the Mis¬ 
sionary Station in Gipps-Land, 8.E Victoria, to whose influenoe 
with the natives science is indebted for the acquisition, as I am to 
Baron von Muoller for the reception, of the embryo woll preserved in 
alcohol. The specimen is nude, an inch in length, the nostrils well 
opened, and between them the fleshy conical support of the homy 
sheath, whioh has been shed and by which the ohonon had been tom 
open at birth. The mouth is a transverse slit, not produced as a 
beak, bounded by flexible lips, and sufficiently open to reoeive nutri¬ 
ment afforded by the group of pores excluding the socretion of the 
m a mmar y gland of the pouoh. The fore limbs, chiefly represented by 
the paws and pentadactyle, with claws sufficiently developed for 
adhering to the part of the pouoh on which the oxcretory pores open. 
The hind limbs are less developed, have the five digits feebly indicated 
and olawless. A short conical-pointed tail projects between them. 
The elongate, flattened, natatory tail of the adult is a later develop¬ 
ment There is no trace of navel. The skin of the trank is 
uniformly smooth and nude. 

If this embryo should be a male, the spur of the femoral gland is 
a defensive organ of later growth. 

The author refrains from dissection in hopes of receiving another 
specimen; and, after a detailed description of the external characters 
of the unique specimen, refers to his paper “ On the Uterine Ovum 
of the OmUhorhynehus " in the volume of the ‘ Philosophical Trans¬ 
actions ’ for 1834, and on the “ Mammary Glands " in the volume 
for 1832. 
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XVL “ On the Nephridia and * Liver ’ of Patella vulgata." By A. 
B. Griffiths, PLD., F.R.8. (Edin.), F.C.S. (LoncL and 
Paris), Principal and Lecturer on Chemistry and Biology^ 
School of Science, Lincoln. Communioated by Sir RlOHASD 
OWEN, K.C.B., F.R.S. Received May 20,1887. 

Patella vulgata (Limpet), with its conical shell adhering to the rooks 
of oar coasts, is well known to every sea-side wanderer. This member 
of the Gasteropoda has been the subject of many scientific memoirs 
in ancient and modern times. Amongst naturalists, Aristotle was the 
earliest who gave on account of some of the limpet's habits, and 
Cuvier was the first to describe its anatomy. In this paper the author 
intends to describe the chemical properties of the secretions of two 
problematical organs of this interesting little Gasteropod. 

The author has already proved the renal function of the green 
glands of Astacus fluviatilii (‘ Boy. Hoc. Proc.', vol. 38, p. 187) ; also, 
in conjunction with Mr. Harold Follows, F.C.8., the renal function 
of the organs of Bojanus in Anodon (‘ Chemical News,’ voL 51,1885, 
p. 241; * Chem. Soo. Joum.,' vol. 48, 1885 [Abstr.], p. 921). Since 
the publication of those papers, Dr. C. A. MacMunn (‘ Journ. of 
Physiol.,' vol. 7 [No. 2], p. 128) has extracted urio acid from the 
Malpighian tubules of insects and from the nephridia of the Pulmo- 
nate Mollusca. 


I. Nephridia of Patella vulgata. 

The nephridia of Patella vulgata consist of two parts, left and 
right lobes. Tho left nephridium is very small in comparison to the 
right nephridium. The anatomy and histology of these organs have 
been fully described by Prof. Lankester, F.R.S. (‘ Ann. Mag. Nat. 
Hist.,' vols. 20,1867, and 7, 1881), J. T. Cunningham (‘ Quart. Journ. 
Mieroao. Sci.,’ vol. 22, p. 869), and Harvey Gibson (‘ Edinb., Boy. 
Soo. Trans.,’ vol. 32, pp. 617—620). 

After dissecting the nephridia from the bodies of a large number of 
fresh limpets, the secretions of the left nephridia were examined 
separately from those of the right nephridia. 

Both secretions were examined chemically by two separate methods 
as follows:— 

(a.) The dear liquid from the nephridia was treated with a hot 
dilate solution of sodium hydrate. 

On the addition of hydrochlorio add a slight flaky precipitate is 
obtained after standing for some time. These flakes when 
examined microscopically are seen to consist of small rhombio 
plates and other forms. On treating the secretion alone with 
aloohol, rhombio crystals are deposited which axe soluble in water. 
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When these crystals are treated with nitric acid and then gently 
heated with ammonia, reddish-purple murexide [C s H t (NH 4 )N,0g] ia 
obtained which crystallises in prisms. 

(6.) Another method was used for testing the secretion of the 
nephridia of Patella. 

The accretion was boiled in distilled water, and evaporated care¬ 
fully to dryness. The residue so obtained was treated with 
absolute alcohol and filtered. Boiling water was poured upon 
the residue, and to the aqueous filtrate an excess of pure acetic 
acid added. After standing about seven hours, crystals of 
uric acid (C,H 4 N 4 0g) were deposited, and oasily recognised by 
the chemico-microscopical tests mentioned above. 

The secretions both of the left and right nephridia yield uric acid. 
It has been suggested by Mr. B.*J. Harvey Gibson, M.A., FR.SJ. 
(in his masterly memoir on the “ Anatomy and Physiology of Patella 
vulgata ;" ‘ Edinb, Boy. Soo. Trans.,’ vol. 32, pp. 601—638), that the 
secretions of the two nephridia may be chemically distinct. The 
author could not extract or detect (after a most searching investiga¬ 
tion) the presence of any other ingredient besides uric acid in either 
secretion. 

Prom this investigation, the isolation of urio acid proves tho renal 
function of the nephridia of Patella vulgata. 

II. The “ Liver ” of Patella vulgata. 

In a paper on the Cephalopod “ liver ” (‘ Edinb., Roy. Soo. Proo.,” 
vol. 13, pp. 120—122), the author proved from a chemical and micro¬ 
scopical study of its secretion that it possesses tho funotion of a true 
pancreas or digestive organ. 

Since the publication of the above paper, the anthor has investi¬ 
gated the nature of the secretions of various doubtful organs of the 
Invertebrata.* 

The “ liver ” of Patella is a yellowish saccular gland, and tho greater 
bulk of this organ is encircled by the superficial coil of the intestine. 

(a.) The secretion of the gland acts upon starch-paste, converting- 
the starch into glnoose-sogar, as proved by the use of Fehling’a 
solution. 

(6.) The secretion produces an emulsion with oils and fats, yielding- 
snbseqnently fatty acids and glycerol. 

(e.) When a few drops of the secretion of the gland are examined 

• See Dr. Griffiths’ paper, " Re sear ches on the Problematical Organs of the 
Invertebrate, especially those of the Cephalopoda, Gasteropoda, LameUibraochiata, 
Crustacea, Insects, and Ollgochata.”—Bead before the Boyal Society of Edin¬ 


burgh, Kay 18,1887. 
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with chemical reagents under the microscope, the following 
reactions were observed:—On running in between the slide and 
cover-slip a solution of iodine in potassium iodide, a brown 
deposit was obtainod. On running in concentrated nitric add 
on another slide containing a drop or two of the secretion, a 
yellow coloration was formed, due to the formation of xantho¬ 
proteic acid. These two reactions show the presence of albu¬ 
min in the secretion of the organ in question. 

(d.) The soluble ferment secreted by the oolumnar cells of the 
epithelium of the gland was extracted aooording to the Wittioh- 
Kistiakowsky method (‘ Pfltlger, Archiv Physiol.,’ rol. 9, pp. 
438—469). The isolated ferment converts fibrin into leuoin 
and tyrosin. 

(e.) No glyoocholic and taurochoha acids could be detected by the 
Pettenkofer and other tests. No glyoogen was found in the 
organ or its secretion. 

(f.) The secretion oontains lencin and tyrosin. 

From these investigations the conclusion to be drawn is that the 
so-oalled “liver” of Patella vulgata is similar in function to the 
pancreas of the vertebrate division of animal life 


XVn. “ The Air of Sewers.” By Professor Carnelley, D.So., 
and J. S. Haldane, ALA., M.B., University College, Dundee. 
Communicated by Sir H. Rosooe, F.R.S. Received May 91, 
1887. 

(Abstract). 

Owing to the complaints whioh had been made of bad smells in 
the Honse of Commons a Select Committee was appointed in the 
spring of 1886 to inquire into the ventilation of the Honse. By that 
Committee the authors were instructed to make a series of analyses 
of the air in the sewers under the Houses of Parliament, and to 
report thereon. Since then they have examined a considerable 
number of sewers in Dundee, and have also made a number of 
laboratory experiments. The object of the research was to obtain 
a general idea of the amount of some of the more important im¬ 
purities in sewer air, and to throw some light on their sources, and 
the conditions affecting their dissemination. 

After giving a brief rdtttmd of the results of the analytes which 
had been previously made of sewer air, the authors describe the 
methods they have employed, and the nature and oondition of the 
sewers they have themselves examined. 

As a result of their investigation they found—(1.) That the air of 
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the sewer* examined vu in a much better oondition than might hare 
been expected (2 ) That the carbonic acid was about twioe, and the 
organic matter rather over three tunes as great as m outside air at 
the same time, whereas the number of micro organisms was less 
(8) That in reference to the quantity of the throe constituents 
isuned the air of the sewers was in a very much better condition 
than that of naturally ventilated schools and that with the notable 
exception of orgamo matter it had likewise the advantage of meoham- 
oally ventilated schools (of paper by the authors and Dr Anderson 
in ‘ Phil Trans, 1887) (4 ) That the sewer air contained a much 

smaller number of micro organisms than the air of any class of 
house, and that the carbonio acid was rather greater than in the air 
of houses of four rooms and upwards, but less than in two and one- 
roomed houses As regards organic matter however the sewer air 
was only slightly better than the air of ono roomed houses, and much 
worse than that of other classes of houses (The data for all the 
classes of houses refer to sleeping rooms when occupied during the 
night) 

The amount of carbonio acid found by the authors was much less 
than that noted by earlier observers, showing that the sewers they 
examined were much better ventilated than tboso pioviously investi 
gated 

On taking the average of a comparatively large number of analyses 
it was fonnd that the quantity of orgamo matter in sewer an increased 
with the carbonio acid, whereas the micro organisms on the whole 
decreased with increase of the other constituents 

With regard to the son roe* of the several impurities m sewer air the 
following conclusions are drawn —(1 ) The carbonxe acid m excess of 
outside air may be partly due to diffusion from the neighbouring soil, 
but its chief sonroe is probably the oxidation of the orgamo matter in 
the sewage and in the air of the sewer (2 ) The organic matter in 
excess of outside air is most probably wholly or for the most part 
gaseous, and is of oourse derived from the sewage itself (8 ) The 
micro organism* in sewer air come entirely, or nearly so, from the 
outside, and are not derived, or only in relatively small numbers, from 
the sewer itself This is proved by the following facts — Firet, the 
average number of micro-organisms in sewer air was lees than in out¬ 
side air at the same time —vis , about 9m the former to 16 in the latter 
8eoond, the number in c reas e d with the efficiency of the ventilation. 
Third, tiie average proportion of moulds to bacteria m sewer air was 
almost exactly the same as m outside air at the same time, whereas 
one would expect the proportion to be very different were the outside 
sir not the eon roe from which they were derived, seeing that such 
a difference has been proved to exist in the air of houses, schools, Ac 
Fourth, the naked eye appearance of the colonies from sewer air is 
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similar to that of those from ordinary air. Fifth, the state of filthi- 
sees of a sewer seems to hare no perceptible effect on the number of 
micro-organisms. Sixth, the view that the micro-organisms in 
sewer air chiefly come from outside, is in perfect agreement with 
what is known as to the distribution of bacteria in air. Seventh, 
results obtained in the laboratory with an experimental sewer prove 
that the micro-organisms present in air are diminished to nearly 
one-half in passing along a moist tube 5 feet long and 1} inch in 
diameter at a rate of nearly 1 foot per second. Although most of 
the micro-organisms in sewor air oome from outside, yet there was 
distinct evidence of their occasional dissemination from the sewage 
itself. This is tho case when splashing occurs, owing to drains 
entering the sewer at points high np in the roof. It is, therefore, of 
great importance that drains should be so arranged as to avoid 
splashing as mnch as possible. 

In view of the fact that ordinary sewer air is to all appearance 
comparatively innocent as regards its micro-organisms, experiments 
were also mado to see whether it contained any poisonous volatile 
base of the nature of a ptomaine. These experiments so far as they 
went had negative results. 

Experiments as to the efficacy of ordinary water traps in preventing 
the escape of sewer gas into houses oonfirmod and extended the results 
previously obtained by Fergus. 

Though the authors do not dismiss the effect of the inhalation at 
■ewer air on health, yet the results of the above investigation are 
dearly suoh as to make one mnch more suspicious as to supposed 
evidence of the bad effects of ordinary sewer air (at least when not 
vitiated by splashing), suoh as that examined by them. 


XVIIL “On the Composition of Water by Volume.” By 
Alexander Scott, M.A., D.Sc. Communicated by Lord 
Rayleigh, D.C.L., Sec. R.S. Received May 23,1887. 

In 1805 Gay-Lussac and Humboldt published their cl a s s ic a l re¬ 
searches on the composition of the atmosphere, and to them we are 
indebted for our knowledge of the proportion by volume in which 
hydrogen and oxygen combine to form water. Without this know* 
ledge the determination of the relative densities of the two gases 
would be of no use in fixing or cheeking (heir atomic weights. This 
is often overlooked, and Avogadro’s law taken as absolutely true for 
these gases at ordinary temperatures and pressures. That this cannot 
safely be assumed is conclusively proved by the researches of Begnantt, 
Amagat, and others on the effects of change of temperature and pres¬ 
sure upon them. Not only do they not follow Boyle's law as usually 
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understood, but their deviations from it are in opposite directions: 
hence it can only be by the merest ohanoe that at onr ordinary 
temperatures and pressure* the combining volumes should be exactly 
two of hydrogen to one of oxygen. Moreover, when we ooneider 
that it is more than eighty years since those researches were earned 
out, that the instrument used in all the measurements was Volta’s 
eudiometer, and that the gases were collected and measured over 
water and so contained impnrities to the extent of 0-4 per cent, in 
the oxygen and 0-6 to 0 - 8 per oont. in the hydrogen used, a redetermi¬ 
nation of this ratio with the greatly improved means for attaining 
accuracy now at our oommand seemed to be of extreme importance. 
The exact ratio as given in the memoir referred to is 199'89 volumes 
of hydrogen to 100 volumes of oxygen, and this tho authors say is 
almost exactly as 2 : 1. 

To arrive at greater accuracy the author of this note has given 
especial attention to the following points :— 

(1.) The preparation of purer gases. 

(2.) The use of larger volumes. 

(3.) The measurement of both gases in the same vessel. 

(4.) The analysis of the residue after explosion and determination 
of the impurity in each experiment. 




Dr. A. Scott, 
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These ends were more or lees satisfactorily attained by the nee of 
the apparatus employed, which was entirely of glass with the excep¬ 
tion of the junctions at H and 0. The gas generators contained only 
small volumes of gas, and could easily bo exhausted by means of the 
apparatus itself. It is evident that by filling A and B with mercury, 
completely closing all the stopcocks, and then lowering M and open¬ 
ing e, the air in the oxygen generator would be in great part drawn 
into A; on now closing e and raising M this air could be expelled by 
opening/. By repeating this several times an almost perfect vacuum 
could be produoed. Before collecting the gas for the experiments, 
after exhausting the air gas was evolved and exhausted, and this 
again repeated. The gases were measured saturated with moisture, 
and after measurement were expelled into G; from this they were 
drawn into E and exploded, and tho residue measured in a small tube 
and analysed by explosion with either hydrogen or oxygen as re¬ 
quired. The result* of every experiment made are given in the 
following table, from which it will be seen that in no case, even when 
the maximum value is given to it, does the ratio exceed 2 vols. of 
hydrogen to 1 vol. of oxygen, although in four cases it is exactly 
2 : 1 . 

The mean of the twenty-one experiments gives the ratio— 

1-98157 : 1 from Column E. 

1-9941: 1 „ F. 

Excluding experiments IV and VI, in which the gases contained much 
impurity, we get the ratio— 

1-9897 : 1 from Column E. 

1-9959:1 „ F. * 

Taking experiments I, 111, XV, and XV III, in which the purest 
gases were used, we get— 

1-9988 : 1 from Column E. 

1-9964: 1 „ F. 

or taking experiments I, III, XIV, XV, XVIII, and XX wa get— 

1*9988 :1 from Column E. 

1*9967: 1 „ F. 

Taking as the most probable ratio 1994:1, and the density of 
oxygen referred to hydrogen as 15*9627, we get the atomic weight of 
oxygen as 16*01. 

\ The oxygen was in each of the first twenty experiments prep a red 
f ,-om potassium chlorate, and in the twenty-first from marourio oxide 



























400 Dr W D Halliburton. On Mmek Plasma [June 16, 

prepared from the nitrate The hydrogen wu in each case prepared 
by electrolysis The water produced was free from any acid reaction, 
and no traoe of the oxides of nitrogen could be detected 


XIX “ On Musclo Plasma ’ By W D HALLIBURTON, M D, 
B Sc, Assistant Professor of Physiology, University College, 
London Communicated by Prof E A Schafer, F R S 
(From the Physiological Laboratoiy, Umveimty College, 
London ) Received May 24 1887 

The facts described by Kuline relating to the properties of the 
muscle plasma of cold-blooded animals aro true m great measure for 
that of mammals 

Admixture of muscle plasma with solutions of nentral salts prevents 
the coagulation of the latter Dilution of such Baited muscle plasma 
brings about coagulation, this occurs most readily at 17—40° C 
Saline extracts of ngid muscle differ from salted muscle plasma in 
being acid hut resemble it vory closely in the w ay in which myosin 
can be made to separate from it myosin in fact undergoes a leooagu 
lation This is not a simple precipitation, it is first a jellying through 
the liquid, the clot subsequently contracts, squoosmg out a colourless 
fluid or salted muscle serum This docs not take place at 0° C , it 
ooours most readily at the temperatuie of the body, and is hastened 
by the addition of a ferment prepared fi om musclo m the same way 
as Bohmidt’s ferment is prepared from blood The ferment is not 
identical with fibrin ferment as it docs not hasten the coagulation of 
salted blood plasma, nor docs the hbrra ferment hasten the coagula 
tion of muscle plasma The recoagulation of myosin is also accom¬ 
panied by the formation of lactio acid 

The proteids of muscle plasma are—■ 

1 Paramyosinogen which is coagulated by heat at 47° 0 

2 Mvosinogon * which is coagnlated at 56' C 

3 Myoglobulin, which differs chiefly from serum globulin m its 
coagulation temperature (63° 0 ) 

4 Albumin, which is apparently identical with serum albumin a, 
coagulating at 73° C 

3 Myo albumoee, this has the properties of deutero albumose, and 
is identical with, or closely connected to the myosin ferment 

The first two proteids in the above list go to form the clot of 
myosin, paramyosinogen is, however, not essential for ooagulation, 
the three last remain in the muscle scrum 

• It u on the presence of thji proteid that the power of frosh muiele juice to 
hseten the ooagulation of blood plasma depends 
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Paramyosinogen, myosinogen, and myoglobulin are protoids of the 
globulin olass They are all completely precipitated by saturation 
■with magnesium sulphate, or sodinm chloride, or by dialysing out the 
salts from their solutions They can be separated by fractional heat 
coagulation, or by fractional saturation with neutral salts 

When muscle turns acid, as it does during ngor mortis, the pepsin 
which it contains is enabled to act, and at a suitable temperature 
(35—40° C ) albnmoses and peptones are formed by a process of self, 
digestion It is possible that the passing off of »i gor mortis, which is 
apparently due to the reconversion of myosin into myosinogen, may 
be the first stage in the self digestion of muscle 


XX “ Dispei sion Equivalents Parti” By J H GLADSTONE, 
Ph D , F R S Received May 24, 1887 

The idea of refraction equivalents has become familiar to those who 
work on the borderland of optics and chemistiy, and the value of that 
property as a means of investigating the chomical structure of com¬ 
pounds is becoming more and more reoognisod There is a similar 
property, perhaps equally valuable for the same object, which has 
Attracted little attention hitherto, I allude to the equivalent of 
dispersion During the last twelve months, however, I have collated 
old measurements of the length of the spectrum, whetlior made by 
myself or by others, and have added many new determinations, and I 
am now in a position to submit some of the losults to the Society 

The history of the subject goes back to the first papei of Mr Dale 
and myself upon tlie refraction of light,* in which we gavo as one of 
the eonclnsions “ the length of the spectrum varies as tho temperature 
increases ” In our second papert wo came to the conclusion that 
“there is no simple ielation holding good for different liquids between 
the increase of volumo and the decrease of dispersion by heat,” con¬ 
trary to what we found to he the oaso with rt fraction We adopted 
the difference between the refractive indices for the 
solar lines A and U as the measure of dispetsion This divided by 
the density gave the specific dispersion When, however, Landolt 
adopted the plan of calculating the " refraction equivalent,” we 
applied the same method to what we termed the dispersion equivalent, 
that is, “ the difference botw een P /tA ~ — and P^ fl ~- 1 , or more simply 

* ‘ On the Influence of Temperature on the Eofraction of Light ” ‘ Phil 
Tram ,* 1888 p 8 

t ' On the Refraction, Dopomon and Sc n»itnonc«» of Lujunli ” * Phil Trane 

1868, p 828 


2 o 2 



40* Dr. J. H. Gladstone. [June 16, 

where d equals the density of the substanoe and P it* 
d 

atomic weight 

In two communications made to the British Association,* we- 
stated that the dispersion equivalent of any substance is little affected 
by the manner in which it is combined with other bodies, and we 
gave as the mean value of CH, 0 35 in the vimo group, but higher 
figures in the bensene and pyridine groups, phosphorus equal to 2 9; 
ehlonne 0 5 , bromine 1 3 , and iodine 2 6 In my subsequent paper 
in the ‘ Philosophical Transactions,'f in which the refraction equivalents 
of forty-six elements were woiked out, I remarked, “ the question of 
dispersion equivalents is also of interest, the data foi the investigation 
of the matter are given in the Appendix ” But there the matter 
rested The paramount interest of the refraction equivalents m 
truth caused both the Continental observers and myself to neglect the 
question of dispersion , and with the exception of brief references to- 
it in papers on Refraction,]; nothing was published on the subject till 
last summer, when I appbed the measurement of dispersion to the 
elucidation of the chemical structure of the essential oils ,§ and 
afterwards in a papei at Geneva|| I ventured to give approximate 
values for fifteen elements 

Almost simultaneously with these appeared a paper by Bruhl,Tf in 
which he endeavoured to eliminate the influence of dispersion from 
the refraction equivalents of highly refractive bodies In this be¬ 
seems to establish the fact that for such bodies at least, the theoretical 
11*—1 

formula of Lorens, , gives more uniform results than the 

empirical formula > hut he draws as one of his conclusions, 

“ the dispersion exercised by different bodies stands in no relation 
whioh is as yet clearly recognisable and measurable either with the- 
refraction exerted by them, or with the ohemioal natnre of the sub¬ 
stance* ” In this and a following paper** he gives additional proof 
of the worthlessness of Cauchy's dispersion formula, or any of the 
suggested modifications of it, to eliminate the influenoe of dis¬ 
persion 

It will be seen that Bruhl's conclusion is inconsistent with the 
mews I have recently expressed, and the determinations I had already 
• * Bnt Assoe B«p ,’ 1868 (Tnuu Sec, pp 10 and 87 ) 
t " On the Refraction Equivalents of the Element* ’ * Phil Trans,’ 1869, p 87. 
t ‘Phil Msg’ toI XI, 1881 p 69 'Bnt A woo Rep,’ 1881 (ft*™ Bee, 
p 691) ' Ohem Soc Joura ,’ vol 46 1884 p 868 

| ' Chem Soc Jouro ’ vol 60 1886, p 609 
|| 'Archives8a Phji Nat,'vol 16 1886, p 198 
T ' Liebig s Annslen ' vol 896,1886 p 1 
** ' Liebig ■ Annslen,’ vol 836, 1886, p 888 
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published, bat while I am free to oonfeas that there are many diffi 
col ties in the investigation of dispersion which have not been felt in 
dealing with refraction, I hold that the following conclusions are 
fully warranted by the data — 

1st That dispersion, like refraction, is primarily a question of the 
atomic constitution of the body, the general rule being that tbo 
dispersion equivalent of a compound is the sum of the dispersion 
equivalents of its constituents 

2nd That the dispersion of a compound, hko its refraction, is 
modified by profound differences of constitution such as changes of 
atomicity 

3rd That the dispersion frequently reveals differences of constitu¬ 
tion at present unreoognised by chemists, and not expressed by our 
formulas 

In this paper my object will be to point out the uniformity that 
does exist, leaving apparent exceptions for future consideration 

Before entering upon an attempt to determine the dispersion 
equivalents of the different elementary substances, it may be well to 
consider the difficulty which occurred at the threshold of the enquiry, 
and another which appears to have deterred Bruhl from prosecuting 
his enquiries m the direction of dispersion 

The ongmal experiments of Mr Dale and myself led to the belief 
that the “ specific dispersion, slightly diminishes with in¬ 

crease of temperature ", but more accurate experiments made on the 
-same specimens of bisulphide of carbon, bensene, brombenxene, and 
mint terpene, at the temperature of the observing room in the height 
iof summer and depth of winter, have made me less confident of this 
conclusion The variations are certainly within the limits of experi¬ 
mental error The observations of Wullner both upon bisulphide of 
carbon and water, those of Bailie and v d Wilhgen upon water, as 
well as those of Pisati and Paternb on bensene and oymene, show 
that there is little, if any, appreciable difference in the specifio dis¬ 
persion at different temperatures The general tendency of the 
observations on the seventy snbetanoes whioh have been examined 
more or less carefully, appears to be that the small difference of 
epeoifio refraction that exists at different temperatures is a little 
greater in the ease of H than m that of A 

Bruhl gives three oases of isomeno or quasi-isomeno bodies He 
measures the specifio dispersion by the B of Oauohy s formal* divided 
by the density He shows that cinnamio alcohol, C,H 10 O, and 
mnnamio aldehyde, 0,11,0, both of whioh he oonoeives to contain four 
pur of doubly linked carbon-atoms, have a widely different specific 
•dispersion, that allyl paraoresolate and anethol, 0 U H U 0, having 
four pair of doably-luiked carbon-atoms, are also quite different iu 
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dispersion, and that, on the other hand, oymol and hexahydro* 
naphthalin, both having the formula C 10 H U , bat the first three pair, 
and the seoond two pair of doubly linked carbon atoms, have nearly 
the same dispersion Bat if we reckon oat the refraction equivalents 
for oinnamio aldehyde and for anethol from the numbers given in the 
same table, it will bo seen that they are inconsistent with the sup¬ 
position that these bodies have the chemical structure that he 
attributes to thorn, m fact the oxtremoly high dispersion in each case 
only tells the same tale as the extremely high refraction As to tho 
two snbstances of tho formula C 10 H W it is open to question whether 
hexahydronaphthalin has only two pair of doubly linked oarbon- 
atoms and tho refraction equivalent calculated for each of the 
specimens throws some doubt upon their punty Bruhl also com¬ 
pares methyldiphenylamme with cinnamic aldehyde, but the presence 
of nitrogen in the first body, and the uncertainty as to the constitu¬ 
tion of the seoond, render it unsafe to draw any conclusions from the 
comparison That the specific dispersion of isomeric or polj meric 
bodies is practically tho samo, oxcept where the constitution is very 
different (as in aniline and piooline), was shown in my paper m the 
* Philosophical Magarine ’ six years ago , and this must be set against 
the doubtful cases mentioned above 

The Element> 

There are but fow of the elements of which tho dispersive energy 
can be direotly determined , but it so happens that two or three of 
these are among the most dispersive of bodies 

Photphonu was determined by Mr Dale and myself m a melted 
condition, and also by Damien both m that and the solid state Our 
observation gives 31, those of Damien* work out at 2 9 and 2 8 
respectively 

Sulphur —An old observation of mine on this body liquefied, gave 
090 for E—A, and recent observations from its solutions in bisul¬ 
phide of carbon give 1 2 for F—A These agree m indicating about 
2 6 for H—A 

Selenium —According to the observations of Sirks,t the refractive 
indices for A and D are respectively 2 653 and 2 98, taking the specafio 
gravity at 4 5, the dispersion equivalent of this element would be the 
extraordinary amount of 5 67 for D—A alone 

Hydrogen —Ketteler’e $ observations give a dispersion equivalent 
of 0 0152 for the difference between the green line of thallium and 
the red line of lithium 

* Journal ds Physique,’ 1881 
t ' PogjendoHT Annalen ’ vol 148 1871 p 489 
t ‘ Pojjendorff Annalen, vol 184,1865, p 890 
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Carbon —Schrauf’s* observation* upon diamond give 0 058 for the 
dispersion equivalent of the same range 

Iodine, in the state of vapour, or dissolved m bisulphide of carbon, 
gives a spectrum in which the order of tho colours is abnormal 

Far more important results have been obtainod from organic sub¬ 
stances, by following a method similai to that which Landolt adopted 
in his determination of the refraction equivalents of caibon, hydrogen, 
and oxygen The materials for such ml enquiry are very abundant 
They consist of the observations published by Mi Dale and myBelf in 
1863, and my more lecent determinations publishod and unpublished, 
the very valuable lists of Landolt and Bruhl, numerous observations 
by Kanonmkoff Nasun and others The Continental observers have 
usually adopted the lmes *, /9, and 7 of tho hydrogen spectrum 

On comparing the ref 1 action equivalents of organic liquids of the 
fatty acid series which differ from one another by CH„ or multiples 
of it, my best deteiminations lie between 033 and 0 30 averaging 
about 0 3B for eat h CH, On treating in a similar manner fifteen 
senes of such bodies in Bi ulil s tables, some of which contain many 
terms, the dispersion equivalent for 7—a woiks out veiy uniformly at 
an average of 0 215 This answers to Cl 342 for H—A Armstrong s 
eymhydrene, which is a saturated substance of the formula CjqHjq 
has a dispersion equivalent of 3 44, giving therefore 0 344 for each 
CH» Kanonmkoff s detei minations of tetraterpene and naphthene, also 
C] ( Hjg give similar numbers It may therefore be assumed that tho 
value of CH, in saturated organic compounds lies between 0 34 and 
0 35, answering to the well known 7 6 as tho refraction equivalent of 
the same combination When, however, wo examino unsaturated 
compounds in a similar mannei, we find that the valne rises to at 
least 040 

Hydrogen —While the valne of CH, may bo fairly taken at 0 84, it 
is moie difficult to Bay what portion of this is due to the carbon, and 
what to the hydrogen 1 have endeavoured to determine it, by 
deducting n times CH, from the paraffines C»H*» + i, by comparing 
the monatomic, diatomic, and tnatomio alcohols, and by other 
similar means The results are somewhat irregular, as might indeed 
be expected from the Btnallnesa of the residual figure, but give a 
mean of 0 04 per each hydrogen 

Carbon —If the H, in CH, be taken at 0 08, it follows that the 
carbon will have a dispersion equivalent of abont 0 26 This answers 
to the refraction equivalent of 5 0 

It is well known, especially from the researches of Bruhl, that in 
nnsatnrated orgamo compounds, there is an morease of refraction, lev 

• ' Ueber du Duperoonrtquivelent von Diaanant ' Wiedemann Annilen,’ 
vel 22, 1884, p 424. 
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the line A, of about 2 2 for each pair of doubly-linked oarbon-atoma 
Assuming this to be due to a different value for carbon, we obtain a 
refraction equivalent of 5 0 +11, i e , 61 In all suoh cases there is 
a great increase of dispersion, this increase, however, is not always 
the same In the allyl compounds, whether determined by Bruhl, 
Kanonnikoff, or myself, it is uniformly very dose to 0 5 In the 
olefines it is the same In the whole of the aromatic series it is at 
least 0 8 Coincident therefore with the higher refraction equivalent 
for oarbon, we have two dispersion equivalents of about 0 26+0 25, 
and 0 26+0 40, i e, 0 51 and 0 60 

It must remain foi future consideration, whether there may not be 
an intermediate refraction equivalent, corresponding to the dispersion 
equivalent of 0 51 

On the appearance of Bruhl a papers in 1880, I ventured to suggest 
that there was a still higher refraction equivalent for carbon, in those 
eases in which it “ has all four of its units of atomicity satisfied by 
other carbon atoms, each of whioh has the higher value of 6 0 or 6 1,” 
as in naphthalene or pyrene This new has been, and is, the 
subject of controversy, bnt on turning to the dispersion equivalents of 
these bodies, they are found to be always enormously high, far higher 
than can be accounted for by the figures with which wo have hitherto 
been dealing 

Oxygen —It has been established by Bruhl, that m the case of 
aldehydes and ketones, oxygen has a refraction equivalent of 3 4 As 
these have the general formula C.H m O, and the dispersion of OH, is 
known, it is very easy to determine the dispersion equivalent of the 
oxygen Various determinations of these bodies give a fairly uniform 
result, vis, 018 for H-A 

In the case of the alooholB, the oxygen has a refraction equivalent 
of only 2 8 Comparing the dispersion equivalents of the alcohols of 
different atomicities in the published lists, the mean value for oxygen 
in this condition comes out at about 010 Nevertheless, in the 
organic acids and compound ethers, the value of the two oxygens 
together seems rarely if ever to exceed 0 24 

Chlorine —Our lists also give us the means of determining the 
value of ohionne in organic substances of the fatty acid senes As 
reckoned from suoh substanoos as chloroform, ohloral, ethylene, and 
ethylidine chlonde, and biohlonde of chlorethylene, the dispersion 
equivalent of this halogen appears to be 0 50, though in the simple 
ohlondes of the oomponnd radicles it appears to he a little less 

Bromine —The dispersion equivalent of bromine varies in a similar 
way to that of ohionne As deduoed from bromoform and the 
dibromides of the olefines, it is 1 22, but in the bromide of etbyl it is 
lower 

Iodine —The dispersion equivalent of iodine in dwodide of me- 
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thylene «u found to be 3 65 and in iodoform in solution it 
to be about the same while in the ordinary iodides of the compound 
radicles it is much less 

Nitrogen —Nitrogen appears to havo a lower value in nitriles 
cyanides and sulphocyamdes than in organic bases but the figures 
obtained so far for each oond t on of nitrogen are not accordant 
The lower value however probably does not exceed 010 The 
values of NO t in the fatty acid senes as deduced from substitution 
products of the alcohols glycerine maunite dec are however fairly 
accordant giving abont 0 82 

Sulphur —h or the determination of sulphur we have tho excellent 
observat ons of Wiedemann * and Nasini f the first on sulphur 
substitution products of carbonic ethers the second on many organic 
compounds There exist also two or three observations of my own 
It appears that the value of sulphur in mercaptan* sulpl ooyanides 
and sulphides of ethyl butyl amyl and allyl is about 1 21 answer 
ing to the refraction equivalent of 14 0 

But m b sulph de of oarbon where tho refraction equivalent of 
sulphur is 16 0 the dispersion equivalent is 2 61 and this is abont 
the value whicl the element appears to have m the lsosulphooyamdes 
while the element itself d ssolved m bisulphide of carbon gives 120 
for the d spersion F—A wh ch is equivalent to fully 2 o 

These results are collected together in tl e following table The 
dispersion equivalents here given must however not bo taken foi 
anything more than approximate 



• Joura Prskt Chem vol 114 1878 p 458 
t Out Ohim Ital vol 18 p >06 
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It will be seen by a glance at this table, that the dispersion equiva¬ 
lents of the olementary substances are not in proportion to their 
atomio weights, or, in othtr words, that they hare different specific 
dispersive energies Thns the analogous elements sulphur and 
oxygen, are stiongly contrasted in this respect, their specific refrac¬ 
tive energies being respectively 0 081 and 0 011 Again it will be 
evident that the proportion botween the redaction and dispersion is 
not tbe same even in the case of analogous elements Thus taking 
the three halogens, the ratio between the i ofraction for A and the 
dispersion for H—A for chlonne is about 100 to 5, for bromine 100 to 
8 , and for lodino 100 to 15 

Metals m Salts —In 1869, as alieady stated I suggested that the 
same data from which the refraction equivalents of the metals had 
been determined, would be available also foi thoir dispersion equiva¬ 
lents I have many observations in addition to the data then 
published and Kanonmkoff has been over part of the same giound, 
measuring the a and /9 of the hydrogen spectrum Unfortunately, 
however, the errors of observation bear so considerable a proportion 
to the whole amount observid, it any rate in dilate solutions, that 
we cannot look upon single determinations of the dispersion eqmva 
lent of a salt as of much value Thus even when great care has been 
taken in measurement each index of refraction is liable to an emu of 
±0 0001, and os the error in determining A and H may be in 
opposito directions /*h— p A cannot be relied upon within +0 0002 
Now among solutions of salts tho spooific disporsion rarely amounts to 
0 02 the error of observation may therefore bo moie than 1 per cent, 
and if tho salt should form only 5 per cont of tho solution, the error 
might exceed 20 per cent Such solutions, therefore, aie practically 
valueless for this purpose Yet it would be easy to publish a table of 
miscellaneous salts, the dispersion equivalents of which had been 
deduced from several fairly accordant observations on fairly strong 
solutions, or which have been corroborated from some independent 
source It has appeared preferable, however, to coDfino attention at 
present to the senes of potassium and sodium salts, which are far the 
most complete and the most instructive 

It is evident at a glanoe, that the figures in the sodium columns are 
invariably lower than .those m the potassium columns, and that the 
difference is fairly uniform In regard to the refraction equivalent, 
it is about 8 83,* and in tbe dispersion equivalent it is about 0 09 

It follows, that if we can determine the value of potassium, that of 
•odium may be at once calculated and presumably the same process 
may be extended to all other metals that form soluble salts 

But it is not so easy to determine the value of potassium In 


Pmwuily determined at > 8 
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Refraction Equivalent. 


Potassium. 

Sodium 

Difference. 

Potassium 

Sodium. 

Difference. 

Chloride .. 
Bromide... 

Iodide. 

Hydrate .. 
Formate... 

Acetate- 

Carbonate.. 
Oxalate.... 
Nitrite .... 
Cyanide ... 

1ft‘83 
26-26 

35 78 
12-60 

20 01 

27 62 

28 68 
87-55 
18-09 
17-18 

16 40 

21 SO 
32 52 

9 26 
16 60 
24-34 

22 17 

16-66 

8-43 

3 46 

3 26 
8-34 
8-41 
3-18 
2(8-23) 

3’ 34 

1- 27 

2- 17 

4 42 

0 79 

1 07 
1-82 

1 40 
2-18 
1-80* 
0-94 

118 

2-OH 
4-33 

0 72 

0 96 

1 23 

1 34 

1 17 

0-09 

0-00 

0 09 

0 07 
0-11 

0 09 
2(0-08) 

0-18 

1 


regard to the refraction equivalent, my original determination was 
8‘1; but Kanonnikoff gives only 7*75, which led me, three years ago, 
to recalcnlato the observations, taking Bruhl’a values for oxygen, and 
to reduce my previous estimate to 7 85. This is determined mainly 
from the organic salts, and the nitrate, and cyanide. I did not draw 
any conclusion from the haloid salts, as the clilorino, bromine, and 
iodine in them appear to have somewhat higher values than what they 
have in organic compounds. 

How are we to determine the corresponding equivalent of disper¬ 
sion P From the haloid salts it would scorn to be about 0 8, but it 
seems likely that the disturbing influence, whatever it be, whioh 
increases the refraction of the haloid salts, would affect the- 
dispersion. The formato and acetate, ECHO, and KC a H,0„ pro¬ 
mise more trustworthy results, as we can subtraot from their 
dispersion equivalents the numbers already determined for carbon, 
hydrogen, and oxygen. This will give respectively 0 63 and 0*44 for 
the dispersion equivalent of K. 

If we view potassium hydrate, KHO, as water in whioh one 
hydrogen atom is replaced by potassium, water being 0 265, we obtain 
the value of 0 , 565 for K. 

From the nitrite, ENO s , by subtracting 0 82 for NO s , we obtain 
0-48 for K. 

In like manner from the cyanide, ECN, by deducting 0*86 for 
cyanogen, we get 0'58 for EL 

From the carbonate, K,C0 8 , by taking the probable value of the 
C0 8 at 0'60, we get 0-40 for each E. 

From the oxalate, E,C,0 4 , by deducting TOO we get 0'69 for 
each K, 

These figures, varying from 0‘40 to 0*59, are too uncertain, and too- 
* This is estimated from meesureaente of A, F, sad G-, and is somewhat open to 
doubt, as there see ms to be something abnormal in the spectrum. 
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wide to give a good average 1 doubt if suob variations can be 
attilbuted wholly to experimental err o r, but on the other hand, it u 
difficult to imagine that potassium should have more than one 
dispersion equivalent, while in the same senes of dissolved salts it 
has apparently one and the same refraction equivalent I am more 
disposed to believe, that the uncertainty lies m the value of the 
radicles to whioh the metal is joined, but this will require a more 
extended research 

It is also an important enquiry —To what extent does the modifica¬ 
tion of the dispersion equivalent affect the refraction equivalent for 
the line A P On this question, and others of a similar nature, I hope 
shortly to submit a further communication I think it will he already 
sufficiently obvious that the specific dispersive energy of a compound 
body is a physical property analogous to, but distinct from, its specific 
refractive energy and that it is capable in like manner of throwing 
light upon chemical structure 


XXI ‘ On the Bate at which Electricity leaks through Liquids 
which are Bad Conductors of Eleotnoity ’ By J J 
Thomson, M A, PBS, Fellow of Trinity College, and 
Cavendish Piofossor of Experimental Physics in the 
University of Cambridge, and H F Nkwalh, MA, 
Assistant Demonstrator in Physics, Cambridge Reoeived 
May 26 1887 

The experiments here described were undertaken to test whether 
the rate at which electricity leaks through a liquid which conducts 
eleotnoity badly, does or does not follow Ohm s law 

lhe method used is described later on, it consists in establishing 
by a battery a difference of potential of about 100 volts between the 
plates of a condenser, in whioh the dieleotno is the faulty insulator to 
be experimented on then disconnecting the battery, and measuring 
with an electrometer the rate at which the difference of potential 
dies away 

Let and «, be the differences of potential at the beginning and end 
of an interval T, and let 


-a-. 

If o be the capacity of the oondenser, £ the quantity of eleotnoity 
which has leaked away w the tune T, then 



1887.] Hate at which Electricity leak* through Liquid*. 411 


so that -1 = e(m— 1). 

«* 


The rate of leak = q/T, so that 



Nov if the conduction follows Ohm’s law, 2 will bo oonstant; 
hence Ohm’s law will be obeyed if * be constant. The tables given 
later on show how nearly constant x is. 

To test the accuracy of the law, we have— 

52 _ to _ ix T 

s — aj^i — r 

bo that a change of 1 per cent, in x will correspond to a change of 
m— 1/a per cent, in 2, and a deviation from Ohm’s law to this extent. 

The liquids tried were benzene, olive oil, carbon bisulphide, and 
paraffin oil. We could detect no deviation from Ohm’s law for the 
first three of these substanoes, though the difference of potential fell 
from 500 scale divisions to 20. For paraffin oil, however, the con¬ 
ductivity seemed slightly greater when the difference of potential waa 
large than when it was small. The departure from Ohm’s law even 
in this case was small. 

Quincke* has found that when the E.M.F. is comparable with that 
which would cause a spark to pass through the liquid, Ohm’s law 
ceases to be even approximately obeyed. Thus, for carbon bisul¬ 
phide, when the E.M.F. was 29 21 C.G.S. units, the current waB 6'2 ; 
when the E.M.F. was 4774, the current was 36; showing that with 
large electromotive forces the current increases much more rapidly 
than the E.M.F. 

With the small electromotive forces which we used, the current, 
however, is proportional to the E.M.F., showing that when the E.M F. 
is’oom parable with that required to produce a spark through the liquid, 
other methods of dissipating the energy of the electric field must 
exist besides those which are active in conductors conveying a current 
according to Ohm’s law. 

We found that carbon bisulphide showed a phenomenon analogous 
to electric absorption, the only case we know where this has been 
observed in a liquid dieleotrio. 

The conductivity of all the liquids on which wo experimented 
increases as the temperature rises, so that in this respect they behave 
like electrolytes. 

* * Wiedemann, Amuden,' rot *8, p. 529. 
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Detcnption of Apparatw 

The condenser consisted of two copper cylinders, the outer one 
being formed into a pot 12 inches deep and 4 inches in diameter, 
closed at the bottom by a rounded end carefully worked inside, the 
inner one, 8 inches long and 3 inches m diameter, being closed, 
rounded off at both top and bottom, and carefully workod outside The 
outei cylinder was held in position on a bracket attaohed to a bnek 
wall, and was always connected to earth through the gas pipes, the 
inner one was suspended by a silk thread, 5 feet long also from a 
bracket on tho wall vertically above the first, and was connected to 
an insulated mercury cup by means of a thick wire, which was care¬ 
fully soldered into the top of the cylinder, and bent into a loop to 
attach the silk thread to The figure shows the arrangement in eleva¬ 
tion, the outer cylinder being represented as transparent, to bIiow the 
inner cylinder and attachment 



The liquid to be experimented on was poured into the outer pot, 
and the inner cylinder was lowered into it, both being set vertical by 
means of a plumb line It was found necessary to load the inner 
cylinder with shot to keep it sunk in the liquid 

The suspension by a single silk thread was found very satisfactory, 
as it insulated well, and avoided the introduction of solid dielectrics, 
and the suspended cylinder if disturbed came again to rest after a 
very few oscillations 

The condenser was charged by means of a number (varying between 
20—80) of Post Office Darnell cells, and Thomson s quadrant electro- 
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meter (White’s form) was used to show the fall of potential as the 
charge leaked through the faulty insulating liquids. 

To facilitate changes of connexion between the condenser, the 
electrometer, and tho cells, a paraffin block, with holes bored through 
it and filled with clean mercury, was nsod. The wholo arrangement 
of apparatus was as shown in fig. 2. 



In testing the arrangement the condenser was used as an air-con¬ 
denser, and it was found that there were signs of somo electrical 
absorption. These were traced to the paraffin key and tho wire con¬ 
necting it with the eleotrometer. The key was improved by the use 
of very clean morcury, and very careful amalgamatio/i of the ends of 
the oopper wire dipping into the morcury cups. Tho wire at first 
used to connect the cup A in the key with the electrometer was 
oovered with gutta-percha, and tho wholo passed through lead pipe, 
put to earth to protect it electrically from the experimenter. But it 
was found that there was absorption on charging and tho appearance 
of residual charge on discharging the electrometer; the gutta-poroha- 
oovered wiro was therefore discarded, and bare wire stretched between 
insulating points, and this was then protected electrically by a shield 
of sino, enclosing it and put to earth. 

In testing, the condenser was connected with the electrometer by 
laying a piece of wire, so os to oonnect the cups C and A. A second 
piece of wire carefully insulated in a bar of paraffin which was attached 
to a metal handle was then used to connect the colls by tho cup B to 
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either A or 0, and the oondenser and electrometer were then charged, 
the cells were then disconnected, and the fall of potential as noted by 
the electrometer readings was observed at equal intervals A metro¬ 
nome was used to beat half seconds , the position of the spot of light 
on the scale was noted every 6 seconds generally, and a curve was then 
plotted with the time for abscissas and the potentials as denoted by 
the electrometer deflection for ordinates 

In preliminary experiments, in which a sample of bensene (later 
experiments showed it to be very impure) was used in the oondenser, 
it was found desirable to introduce an air oondenser, so as to dimmish 
the rate of fall of potential, and to get more reliable readings The 
air oondenser consisted of two worked brass plates, held very slightly 
apart by three dots of shellac One plate was attached to the inner 
cylinder, the other connected to earth with the outer cylinder of the 
experimental condenser 

From tune to tune throughout the course of the experiments, which 
were continued through about three months, the apparatus was tested 
for leaking (1) through the electrometer, (11) through the key, 
(in) through the air condenser, (iv) through the attachments of the 
experimental condenser 

To get nd of dirt and dust from the liquids to be placed in the 
oondenser, very oareful filtering was necessary, bnt generally after 
ten or twelve times, first through Swedish filter-paper, and finally 
through a tight plug of “ glass wool, ’ as much as could be done by 
filtering had been done 

Difficulties were at first met with on account of what were probably 
chemical impurities in the samples need We finally decided to use 
much smaller quantities of the liquids in the oondonsei There was 
scarcely ever more liqmd than would half immerse tho inner cylinder, 
that is, more than would extend 4 inches up the straight part of it, 
but there was never less than would extend three eighths of an raoh 
up the straight 

Mode of Eniartng Benilti of Ewpenmenti 

The potential of the inner cylinder was noted at equal intervals of 
time (generally five seconds) from the deflection of the electrometer 
needle These deflections were recorded in tables, and the ratios of 
succeeding deflections were dednoed Two curves are drawn, one 
showing the fall of potential with the lapse of tune, the other showing 
the value of the ratio of successive values of tho potential The mean 
value of the ratios is found, and a line drawn with this value This 
cuts the curve of ratios, and shows at a glance the departures from the 
constant ratios, which would obtain if the leak through the dielectrics 
took place aooording to Ohm’s law 
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Experiments on lteuscne. 

The first successful experiments were made with an impure sample 
of benzene, and tho method was shown to bo practicable. But before 
more careful readings were taken the cylinders had to be re-workod, 
because of some irregularities on tho surfaces. On setting the appa¬ 
ratus up again, it was fonnd that tho impuro benzene no longer insu¬ 
lated well enough to allow us to get readings. The reason of the 
change we have not been able to discover. 

A pure sample of benzene was got, and after the usual filtering 
processes, the condensei was filled and charged, and readings were 
taken at fivo seconds intervals. 

Tables I—IV give the electrometer deflections, and the latios of 
successive pairs for different sets of readings under varying con¬ 
ditions, which ai-e specified at the head of each table. 

Tables II and IV aro shown graphically in fig 3, which gives two 
curves of falling potential and two ratio curt es. 


Table I. 

Experiment 12. Pure Benzene J inch up straight. 


Deflections Ratios. 

Deflection*. Ratio*. 

Deflection* Ratio*. 

440 I'll 

896 | “ 

357 1 11 

321 in 

290 }.}} 

201 1 11 

*» III 

fS! < 

IS j* 

IS *“ 

“ 1 -11 

if? 1 09 

m , n 

1°3 , U 

s » 

8 g 

8 i* 

M >» 

Table II (see Fig. 3) 

Experiment 13. Pure Benzene. 3 inch up straight. 

Deflections Ityioi. 

Deflections Ratio*. 

Deflections. Ratio*. 

X \S 

g 

ISt 1077 

8il 1 071 

m 1 073 

8^ 1 072 

283 l' 077 

^ 1 076 

££ 1073 

1 069 

2U 1 070 

Wm, 1070 

i IS 

g 1 078 

IS 7 IS 

g ; iss 

12 1071 

112 1-000 

isiiiillii 
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Tablo III 


Experiment lb Pure benzene 2 inches up straight 



lable IV (see Jig 3) 

Experiment 17 Pme Benzene 2 incheB np straight 



Curve* plotted for benxene from Tablet II and IV 

The straight line* through the ratio curre* are drawn to thow the mean ralue of 
the ratios 

In the ratio curre* 1 diruion of the ruled paper correspond* with 0 01 m tha ratio 
ralue* 

In tlic deflection curve* 1 division •» 20 in the deflection 
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Experiments on Paraffin OiL 

Little or no difficulty was met with in the case ot the paraffin used. 
It was an ordinary sample of tho oil nsed in lamps. After careful 
filtering it was put into tho condenser, and readings were taken. 
Theao are given in Tables V—VII. Experiments 36 and 37 gave 
readings almost identical throughout. They are represented 
graphically in fig. 4. Tho interval between successive readings was 
5 seconds. 


Table V (sec Fig. 4). 

Experiments 36 and 37. Paraffin Oil. 1 inch up straight. Con- 
denser charged for 10" only before readings were taken. 



Table VT. 

Experiment 38. Paraffin Oil. 1 inch up straight. Condenser 
charged for 3' 0" before readings were taken. 



2 h 2 
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Table VII. 


Experiment 39. L’m-affili Oil ? 1 inch up straight. Short Charge. 


Defleet ton* Ratio* 


Deflection* Ratios 


1 181 


325 

5580 

2510 

206 


1 101 
l •108 
1 170 
1-104 


1 165 
1 lt.l 
1 150 
1 -153 


Deflot tiona 


I 


61 

66 

47 


Ratio* 


1 -150 
1140 
1-163 
1-172 



Kipti intents oh Cut lion Visulphule. 

When carbon disulphide was tutod an the leaking dielectric, con- 
siderable discrepancies appeared; tho ratio curvo fell or remained 
steady in what seemed a capnotous mnnnor Filtering seemed to make 
no difference, although again and again repeated; the condenser 
cylinders were cleaned cnrofally; tho liquid was distilled several times, 
and the discrepancies only Boomed to be exaggerated, especially in 
experiments made very soon after distillation. The still was cleaned 
and again need, bat to no effect Tho irregularities still remained, the 
ratio carve in some instances being as steadily horizontal as in the 
ease of benzene and paraffin oil; at other times the values of the 
ratios falling as mueli os 12 or 15 per cent. Fig. 5 gives Table VJIf 
graphically, showing tho great fall of the ratio curvo. The changes 
in tho xoro of the electrometer were snoh as to lead ns to tho notion 
that wo had to deni with something analogous to olectno absorption. 
We therefoi-c tried the effect of varying the time of charging the 
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its 5 



Curie pl< ttud ft i caibon bs il] li Ir from Jable VIII 
I uno of li trge probably short 


tondbUHti, and in thiH way found that the disci oj aneics were dnc to 
accidental differences in the time of chaige 

Hig 5 shows eutves diawn from oaibon disulphide, the only 
vaiiable in the circumstances for the different curves being the time 
of charge It will bo seen tint the emvo coiicsponding to a long 
chargo is much Icsb steep than that ct rrespondmg to a shoi-t charge 
Tablos VIII—XI give tho roadings and iatios foi the eaibon di¬ 
sulphide expei iments 


ltll V11J (seo hig ») 

Expeilment 27 Cut ben Disulphide 2 inches up straight lime of 
charging not noted but fiom form of ritio curw pnbably short 


Deflection* Rat n 


1 2H 
1 25 
1 25 
1 10 
1 21 
1 20 


dh u 


80 

67 

>7 

48 


Rti 

1 11 
1 20 
l 1J 
I 17 
1 is 
l 17 


1 ) flt i 


41 

to 

30 

25 

22 

1) 


ns Ratio* 


1 17 
1 17 
1 20 
1 18 
1 10 
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Table IX. 

Experiment 80. Carbon Disulphide. J inch up straight. Time of 
charging not noted, but probably long. 

Deflections. Ratio*. 

Deflections. Ratios. 

Deflections. Ratios. 

600 

470 1“ 

440 , .HI 

419 } “ 

896 J 9? 

376 

856 } 9® 

336 1CK 

QIO 1 W 

3Itf 1 *06 

8BmS3IS 

191 . 

180 i-M 

173 1 04 

165 i-M 

186 1-06 

149 

141 1 M 

134 1 05 

Table X (see Fig. 6). 
Experiment 33. Carbon Disulphide. 3 inohei 
charging 2 seconds. 

| Deflections. Ratio*. j Defloctioni, Ratios, j 

s up straight Time of 

Deflections. Ratios. 

£ 116 

*» 1 13 

MR IW 

ooa 1*13 

298 i 12 

285 

238 { 

213 1 11 

S H? 

S MS 

us ■<» 

Table XI (see Fig. 6). 
Experiment 34. Carbon Disulphide. 3 inche 
charging 10 minutes. 

s up straight. Time of 

Deflections Ratios. 

Deflections Ratios. 

| Deflections. Ratios. 

™ 1-081 

440 1 063 

Uk 1080 

MO l ' 064 

85 jib 

!m 1067 

819 1 067 

MS 1068 

«7 1,064 

M2 1056 

247 1 060 

347 1085 

m 1,063 

35 j«g 

197 i £ 

186 1 °S 

174 122 

168 1,061 

i“ 1 ' m 

138 1 068 

SS }•« 

“ ms 

SSS3388SSSSS 

iiiiiiiiiii 
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Carre* plaited for carbon disulphide from Table* X an 1 XI 
Upper rnrre from reading! taken after a long j nol (10 mmutea) of charging the 
oondentera lower curve after a ihort period (2 aeconle) Olherwue condibona 
similar 

The curves of ratios are on the same stale and liare tho samo rero line about 3 inches 
below the lower edge of the figure 

We deal later with further expei intents on these phenomena of 
absorption and residual charge 

Pxp nmenli on Olive Od 

Vuy little trouble was expeuenood with olive oil Tho sample 
used proved to be the best insulator of all the liquids wo tried After 
filtering once through hwodish paper and once through a glass wool 
plug, it insulated as well as after numelons filtenngs 

Readings of tho dcfloctions were take u os bef ro eveiy five seconds, 
but in Tables XII and XIII only those taken at intervals of 
25 seconds are recordod tho formti being taken after a short time 
of charging, tho latter after a long time lig 7 is plotted from 
Table XIII, but is on a different scale from figs 1—6, so far as the 
ftme oooi dinate is concerned in ordei to bring more of .tho curve into 
the plate 

Table XII (sec Dig 7) 

Experiment 44 Olivo oil 1 inch up straight Time of charge 
tlwrt 
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Table XIII. 

Experiment 45. Olivo oil. 1 inch up straight. Timo of cliargo 
long. 


Deflection*. Ratio* 


1-190 
1-190 
1-186 
1-184 
1 190 


1 178 
1 188 
1 170 
l 206 


107 

89 

74 

60 


Fio 7. 



Curvo plotted for olive oil from Table XII 
Tune of charging condenser short 


Hrperiments on llate oj Leal, at Dijf'eient Temperatures. 

In all tho liquids experimented on (benzene, olive oil, carbon disul¬ 
phide) the leak was quicker at higher temperatures than at lower. 

These liquids then must be classed in this respect with electrolytes, 
and not with metallic conductors. 

A metal vessel waB put round tho outer cylinder of the condenser, 
and was oonnected by a tube with a second vessel, which could bo 
heated or cooled, and raised or lowered. By these means the condenser 
could be surroundod by hot or cold water without having its jiosition 
disturbed in any way. 

Bendings were then takon at 15 seconds intervals, tho condenser 
being in one set of observations under tho same circumstances in 
every way except with respect to temperaturo. Each set contained 
three (or five) readings, one reading at a high or low temperature 
being taken between two readings at a medium temperature, so as to 
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show that no permanent rhango had taken place by the raising or 
loworing the temperature of the leaking dielectric. 

Bemene .—Tables XIV—XVIII give the readings for be lire no at 
the temperatures specified at the head; and fig 8 shows the tables 
graphically 

Benzene at diffeienl Toinpoiatures 
Table XIV Table XV. Table XVT. Table XVII. Table XVIU. 


Temp 10 H°l' Temp 22 °C Temp 114 C Timp ' 


I'll 
1 10 
1 10 
1 10 
1 10 
111 
1 

1 10 
1 05» 

i on 

1 10 


i in 
1 16 
1 in 
1 15 
1*1« 
1 16 
1 17 


l 10 , 
l 00 
I 10 
1 10 
1-10 


l ns 
l os 
l on 
i on 
1 -08 
1 Os 


Katiw— 
Mean.. 1 10 
Uu ..1 12 
Mm ..1-08 


l T67 
1 17 1 
V15 | 



Curve* plotted for benzene at different temperature* from Table* XIV, XV, XVII, 
and XVIII. 

Dotted eurro for benzene partially frozen in condenser 
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In the tables the values of the ratios have been put down, and they 
will be seen to be fanly constant in each table 
Table XVII contains readings for boniene at 5 4 n , the leak was 
ho Blow in this case as to attract attention, and it was found that the 
benzene was partially frozen hence the curve in fig 8 is dotted to 
show that the benzene was in a different Btate 
Tho curvo corresponding to Table XVI would come very cIobo to 
that corresponding to lable XIV, and is therefore omitted from 
fig 8 

Carbon Duulphxde —Tables XIX—XXII give the readings and 
ratios for caibon disulphide at different temperatures 


C aibon Disulphide at diffeiont lompoiatmes 
Table XIX Table XX Table XXI Table XXII 


Temp 9 8° C 

Temp 10 8° C 

Temp 4 4" C 

Temp 8 0° C 

106 

447 1 01 

1 Oo 

S JS 
5 i£ 

X iS! 

5 s 
264 101 
860 J 

288 122 
880 } 25 

216 12t 

804 1 08 

“g los 

S ;j 

398 \ g 

370 } J* 

m2 107 
m lw7 

2 7 1 ,)7 

239 1 07 

55 107 

21 107 

600 1 OS 

476 1 2s 

ffl IS 

s 15 

357 1 08 
339 

*25 ns 

310 1 01 

2% l or 

28i ;« 

269 1 ns 

JS 18 

224 1 04 

In 106 

M 106 

600 - „ 

474 1 00 

460 JJJ 

fi iS 

sea ; 55 

346 1 OB 

327 122 

"j i« 

279 } “J 

£64 j Qg 

£ 106 

£ 106 

213 106 

m *« 

Ratio*— 




Mean 1 053 

1 071 

1 062 

1 066 

Mu 1 06 

1 08 

1 06 

1 06 

Min 1 01 

1 07 

1 04 

1 06 
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Curve* plotted for carbon buulphide at different temperature* from Table* XIX, 
XX, and XXI. 

A curve plotted from Table XXII would almost coincide with that from Table XIX. 

In fig. 9 tho curve from Table XIX is practioally the same as 
that from XXII; the latter is therefore omitted. 

Olive Oil .—Tables XXIII—XXVIII give tho readings and ratios 
for olive oil, and fig. 10 shows graphically the first three of these 
tables. 


Olive Oil at different Temperatures. 

Table XXIII. Table XXIV. Table XXV. 


Temp. 11 •6® C. 

Temp. 47 -5° C. 

Temp 18 6” 0. 

*J» 110 

IS MS 

864 \ $ 

“ 1 10 

273 110 

247 1 10 

m Ho 

203 1 10 

'X 0.16 
■“ 0 0* 

400 1 24 

8?9 

™ 1’oR 

SS 5 Si 

Ratio*— 



Mean.. 1-10 

2-45 

1-236 

Mai. .. 110 

2 64 

1-24 

Mm. .. 1 10 

2 30 

1-23 
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Table XXVI 

Temp. 10° (J. 

4sa 1 

3«2 ; * 3 

»» in 

2S i-i* 

M3 1 13 

m *“ 

Table XXVII 

Temp 31° 0. 

Table XXVIII. 

Temp. 12° 0. 

'MW x „ 

s is 

400 1 lit 

422 } 

863 \ }'* 

815 ; *“ 

27° \ * 

285 J “ 

205 1 1ft 

177 1 ,h 

ItttllOS 


1 150 

Mean.. 1 Ml 

1 31 

1 1G 

Mai .. 1 1ft 

1 5.1 

1*14 

Mm .. 1 lit 

1 M» 


— 


— 


Kio 10 



Cones plotUiI lor olive oil at different tempo rnturcs from Tables XXIII anil XXV 
The dotted eune is got by a process of interpolation roughly from Table XXIV. 


At tlu* higher temperatures the mte of leak was so groat that 
then’ is soino doubt as to tho first reading of the deflection. honoe 
the discrepancies in the values of the ratine 

Tables XXIV and XXVII are abridged fi-otn fuller tables which 
give readings taken at 15 seconds intervals. These are given below. 
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Table XXIV. Table XXVII. 


Temperature 47 5’ C. > 


3'K) 

atKj 

220 

165 

125 

ttl 


I 


Temp* ratline 31° C. 


UH1 
12.1 
»<••> 
321 
282 
2 Hi 
215 
180 


1 15 
1 15 
l 15 


I 15 
1 14 
1 It 


I 


I 


Erjierimonis with Higher fflrctrmiwfiir Foret*. 

In tho experiment'} dealt with ho far tho buttery a Hod to charge the 
condenser was ono of 20 silver ohlondo cells, hence of eleetiomotn e 
force of ubout 20 volts For electromotive forces between 20 volts 
and aero Ohm’s law is shown to hold good for tho liquids experi¬ 
mented on By tho following experiments the limits were extended 
to botwoon about 100 volts and r.oro 

Tho condenser was chargod to about 100 volts, and l-eadings were 
taken at intervals of 15 seconds, the electrometer having been reset 
so as to be loss sensitive. The ratios are, without any obvious reason, 
less regular than in the earlier experiments. 


Table XXIX 

Experiment 103. Olive oil. Chargod to ubout 100 volts. 


Deflections 


490 

437 


305 

265 

234 


Ratios 


Deflections 


1 12 
1 11 
113 
1-14 
1 15 
1 13 
1 16 


Ratios 


1 16 
1 16 
1 15 
1-13 
1 14 


1-12 
1 14 


1 13 
l 13 
1 14 
l 13 


Ratios— 

Mean. 11} 

Maximum. I 17 

Minimum. . . I 11 
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Table XXX 


Fxpenznent 108 Olive oil Charged to about 100 volts 



Ratioi— 

Mean 1 214 

Max nun 1 25 

Mm mum 1 17 

Ex\ cnmenlt on Residual Charge 

Cuban disulphide showed peculiarities m the above experiments 
With a short and sudden charge the rate of fall of potential was much 
quicker at the beginning than at the end of the readings This is 
what would bo expectod if there were electrical absorption pait of 
the fall being due to tine leaking part to absorption If the rate of 
leak is accoiding to Ohms law the ratio curve foi such a liquid 
would be inclined to the horizontal at first bnt the inclination wonld 
diminish with tune This is what is found in the case of carbon 
disulphide when the condenser is charged for a short time 

Agnui the condenser with carbon bisulphide between the cylinders, 
was charged for a time then quickly discharged and its inner cylinder 
connected with the cloctrometer The deflection was at first tonnex 
ion zero then shortly rose to a maximum valuo and finally diminished 
again after some time to zero If the condenser was charged with 
opposite sign the deflection fiom zero was in the opposite direction 
If the ooadenBer was charged first with one sign and then with 
the other the deflections from soro were much smaller but they 
appeared in tho sense expected from residual charge phenomena 
These effects were greatest just after the CS» had been redis 
tilled but at times were totally absent The still was cleaned but 
the effects after fresh distillation wero as marked as before 

Attempts to increase the effects by rendering the liquid less homo* 
genoous were successful for heating or cooling the condenser un¬ 
equally always txaggerated the defloctions 
The following readings are a sample of numerous experiments — 



1887] 


rhe Biachtal Artenal Arches tn Birds 


429 


Time 

0 0' Condenser connected to battery 

0 30 Condenser quickly discharged and connected with electio- 
metor 


Beading on scale 

10 
2 0 
1 0 


5% 

G15 maximum 

557 

£44 


Other liquids were tested in this way, but in no other case were 
similar phenomena observed Mixtures of CS» and benzene or 
paraffin were also inactive in this sense, eien when the mixtures 
were incomplete and the liquids were put in in such a waj as to be 
“ streaky ’ as was found possible 

Some attempts were made to discover traces of polarisation, but no 
definite results were obtained In the earliest experiments something 
of the kind was observed, but this was traced to the key and con¬ 
nexions 


XXII “The Development of the Branchial Artenal Arches in 
Birds with special Reference to the Origin of the Sub- 
clavians and Caiotids ” By John YULE Mvckay, MD, 
Senior Demonstiatoi of Anatomy, Umveisity of Glasgow 
Communicated by Professor CLELAND, MD, FRS Re¬ 
ceived May 29, 1887 

(Abstract) 

According to the thoones of Rathke, which are universally accepted 
at the present day, the subclavian artery is supposed to take its oiigin 
from the aoitio root or fonith embryonic branchial artenal arch In 
the adnlt bird the subclavian on each side is found spnngmg from 
the extremity of an innominate artery along with the common carotid 
It is presumed that the nght subclavian has been, by a shortening of 
the aortic arch, earned forwards until it meets and fuses with the base 
of the common carotid artery and the left subclavian is regarded as 
representing by its basal portion the fourth lift arch m left primitive 
aorta Ihe subclavian of birds is thus regarded by Rathke as being 
developed m a manner similar to that of mammals The author 
points out, however, that there is a marked difference in the rela¬ 
tions of the artery to the surrounding parts in these two groups In 
mammals the snbolavian artery is crossod on its vential aspect by the 
jugular vein aud the pneumogastno nerve, and the recurrent branch 
of the latter turns round it upon the nght side, but in birds the nerve 
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nnd um u< dorsally*placed is lognrds the aitcry, and the lecarrent 
laiyngeil noives tarn lonnd the ductus arteriosus 01 vestiges of the 
hftli tircln s a relationship which cannot be accounted for by supposing 
with Kit like lint the vessel takes its ongm first fiom the aoilic 
i s t bee iiisi if so arising it would occupy a position doisal to vein 
aid mivc and it is impossible to lmtigme a method bj which the 
in Iciy could pass fiom the doisal to the eential aspect of these stroc 
tuies without cutting them tluongh in its coume 



II Vmlral re»el S' SubcUvum of Mammal* 

Z>f Durwl rmel S Subclarian of bird* 


In these circumstances the authoi has undertaken an investigation 
into the manner in whn h the Bnbclavian artery first makes its appears 
anco in buds He finds that it occupies from the first a ventral posi¬ 
tion tunning fiom the truncus arteriosus at tho \entral end ot the 
thud aioh Tho vessel maj be seen in the freshly removed embryo 
duck or ehiek on the thud or fourth daj, at a time when the pectoral 
limb is mertlj a small projection from the body-wall, and on the fifth 
duj in the chick it may, while still filled with blood, be traced by the 
eye from the ventral end of the third arch across the superior cardinal 
vein to the limb lhc prtsencc of this ventral vessel is also demon 
stinted during the thud, fourth and fifth days in the ohiok by micro¬ 
scopic sections of hardonod emhrj os, but, owing to the oblique oourse 
which the aitory holds in the body-wall, it is impossible in one senes 
of sections lo trace its entire length, and this is probably the cause 
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•ot its having boon overlooked by previous observers In ohioks at 
the close of the sixth day and in older forms it is pointed out that 
the artery may be followed by dissection nn lor water The lnnomi 
nate attery has been obsetved to be formod, not by tho gradual 
fusion of the subclavian and carotid aitones at their bases, but by 
the splitting up of the truncus uteiiosns into canals continuous 
■with tho thiee permanont arches the innominate aitery belonging to 
the thud, and tho basal portions of tho aorta and pulmonary artery 
to the fourth and fifth respectively 

The author has also examined the relations of the snbclavian 
attery in the different groups of vertebrate animals, and finds that 
instead of there being but one artery prolonged into the limb, as 
Rathke held, there are in teality two such vessels One is repiesented 
by the mammalian subclavian, and also in lizards and amphibians 
is fonnd arising from the aortic root, and passing outwards to 
the limb dorsal to the pneumogastno nerve and jugular vein The 
other, present in buds and in crocodilian and cheloman reptiles, 
arises fiom tho vontral end of the third arch, and ci oases outwards 
ventral to vein and nerve In most of the lower forms representa¬ 
tives of both vessels are present and 'one or other is specially 
■enlarged and supplies the greater part of the limb but it is 
pointed out that m the forms wheie the two vessels co exist they 
anastomose with one another in the body wall at tho base of the limb 
This anastomosis maj be dissected out in lisards, whore tho dorsal 
vessel is specially enlarged and in crocodilian reptiles, where the 
ventral artery plays the important part 

In the higher forms (birds and mammals) one of tho arteries alone 
is present, but the ootacean group of mammals forms an exception to 
this rule In this group both arteries are to be found and it is the 
ventral, not the dorsal as in mammals [generally, which specially 
supplies the limb 

With reference to the development of the oarotid artery in birds, 
Bathke believed that the external oarotid was the prolongation of tht 
ventral trunk from the extremity of the third aioh towaids the head, 
and regarded the branches of the external carotid as denvatives of 
this ventral vessel The internal carotid he looked upon as represent¬ 
ing the third arch and its dorsal continuation towards the head, while 
the common carotid was believed by him to be the portion of the 
ventral vessel between the thud and fourth arches 

It is pointed out that if the observations already explained as to the 
origin of the subclavian artery be aooopted, and that vessel be held to 
anae from the ventral extremity of the third arch, then, if Rathke’t 
theory of the external oarotid be true, the subolavian should be found 
in the adult as a branch of the external carotid, but this is not the 
case The common oarotid artery, whioh Bathke regarded as a ventral 
VOL XL] I 2 I 
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veuo1, runs towards the head in the adult bird, upon the dorsal aspect 
of the alimentary canal, and distributes intervertebral branches as it 
^oes ilathhe believed that this artery was originally vential in 
position and passed gradually round the oesophagus in the course of 
growth until it finally reached the dorsal aspect, but the author 
points out that whilo the ai tery does change its position somewhat, 
it is to a much more limited extent than Ratliko believed In the 
chick of the third or foui th day the main vessel for the supply of the 
head is the doisal continuation from the third arch the ventral 
vessel boing small The examination of the further development by 
sections and dissections makes it evident that the vential vessel 
dwindles in importance, and becomes finally a small branch passing 
fiom tlio subclavian to tho vontral aspect of the tiachea, while the 
dorsal piolongation becomes the sole supply of the head At the 
close of the sixth day tho dorsal connexion betweon tho ends of the 
third and fonith uiches is still present, and it is continuous with the 
common carotid, which may he easily followed to the head as a dorsal 
vessel, and its external branches, as well as its internal are therefore 
to be regarded as derivatives of a dorsal stem In the adult the 
oomznon caiotid lies in the middle lino of tho nook in contact with its 
fellow of the opposite side, but in tho embryo the vessels of opposite 
sides ate at some little distanco from one anothei by the seventh day, 
however they haie approaohod ono another so os to be alnniBt in con¬ 
tact This change, however, is not, as Rathkt supposed the passage 
of a vontral vessel to a doisal position but a slight alteiation in the 
line of a vessel alieady dorsal 

When the carotid system of different groups of vertebrate animals 
is examined, it is found that m those forms whore on account of the 
preservation of tho doiBal connexion between the third and fourth 
urolies tho continuous doisal longitudinal vessel can bo traced, the 
branches for tho supply of both internal and external aspects of the 
head arise from this doisal vessel In these forms the ventral pro 
longation supplies only the tongno This is the case in most lusards 
As the hightr stages are reached tho disappearance of the portion of 
the dorsal vessel between tho ends of the thud and fourth archea 
makes a oompauson of the vessels uncertain but the author has dis¬ 
covered m the crocodile, and as an abnormality in a guillemot, solid 
oords stietching between tho common caiotids and aorta) on the dorsal 
aspect of the alimentary canal In these cases it is soon that the 
greater part of the common carotid is to bp regarded as the dorsal 
prolongation from the third aich towards the head The ventral 
vessel in birds and crocodiles is not, therefore, the external carotid, as 
Rathke has it, but an aitery running upon the trachea and supplying 
branches to the muscles on the ventral surface of the neck 
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XXIII. “On Radiation from Dull and Bright Surfaces.” By 
J. T. Bottomley, M.A, F.R.S.E. Communicated by 
Sir W. Thomson, Knt., F.R.S. Received May 26, 1887. 

In connection with an investigation on hfcafc radiation which I have 
been carrying on for some timo past, and on which I recently pre¬ 
sented a communication to the Royal Society, I have had occasion to 
examino the important results obtained by Mr. Mortimor Evans on 
the radiation of light and heat from bright and dnll surfaces when 
incandescent (‘Roy. Soc. Proc.,’ vol. 40,188C, p 207) , and I have 
repeated and verified somo of his experiments. Mr Evans experi¬ 
mented on carbon filaments of incandescent lamps; and in calculating, 
for my own uso, the resistances of tho filaments at different degrees 
of incandcscenco I was led to an unexpected result, and honco to an 
investigation of which I desire just now to offer a preliminary notice. 

In order to explain, it is necessary for mo to stato briefly the object 
and naturo of Mr. Evans’ experiments. Their object was tho com¬ 
parison of tho radiation from surfaces having a bright, polished 
appearance with that from dull surfaces having the appearance of 
lampblack; and ho was led to an important practical conclusion as to 
the superior light-giving efficiency of the brilliant-looking filament. 
For these comparisons the same filament was treated in such ways as 
to alter the surface from dull to bright and back again. It was taken 
out of the glass globe for the purpose, and after treatment placed in 
a fresh globe, which was then exhausted. The lamps thus constructed 
and reconstructed were tested at various candle-powers, the energy 
for each candlo-power being determined. 

The tables given in Mr. Evans’ paper show for tho filaments in 
different conditions tho potential and tho current required to maintain 
different candlo-powors from four candles upward. Using his numbers, 
and supposing Ohm’s* law to hold for tho carbon filaments, I have 
calculated the resistances of tho filaments at different candle-powers. 

Two filaments used by Mr. Evans afforded satisfactory data for my 
calculations. They arc designated in his paper D, DD, DDD, and C, 
CO, CCC. They had boen treated in the following manner:—The 
filaments D and C were “ flashed ” so as to have a dull surface with 
the appearance of lampblack. DD and CC are the same filaments 
flashed so as to have a brilliant surface, which, though black, has 
something of tho appearance of frosted silver. DDD, CCC, are the 
same filaments again rendered dull as at first. The following table 
shows the volte, amperes, and calculated resistances at the candle- 
powers given in tho left-hand column — 

* I have already oommenoed an investigation into the queetion of the conformity 
of carbon filament! at different tomperuture* with Ohm’i law. 


2 i 2 
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Table I —Carbon D 


[June lb. 


D 


DD 


DDD 

Candle* 

Volt* 

Anp 

Be* St 

Volts 

Amp 

Beiut 

Volt* 

Anp 

Be*ut 

4 

46 6 

1 02 

46 6 

37 8 

1 

37 3 

84 

1 28 

2b 6 

10 

62 6 

1 2) 

43 H 

42 

1 13 

87 17 

38 6 

1 62 

26 1 

SO 

66 3 

1 40 

41 

47 8 

1 82 

86 20 

43 

1 77 

24 3 

40 

65 

1 C2 

40 1 

62 6 

1 63 

34 S 

48 

2 06 

28 8 

60 

66 

1 70 

10 0 

64 2 

1 00 

33 9 

60 

2 12 

28 6* 


Table II — Caibon C 


C 


00 


COO 

Candle* 

Volt* 

Amp 

Be* «t 

Volt* 

Amp 

Be* it 

Volts 

Amp 

Besut 

4 

45 

0 8b 

52 83 

34 

0 95 

85 79 

39 

1 16 

83 83 

10 

66 

1 18 

49 99 

89 

1 12 

34 82 

44 6 

1 38 

82 24 

20 

62 

1 28 

48 43 

44 

1 28 

84 37 

40 5 

1 68 

32 37* 


Now if we enppose the resistance of the carbon filament to depend 
on the temperature the resistance diminishing as the temperature 
increases (though very probably not in simple proportion) and if (as 
we should do in the case of a metallic wire) we use these resistances 
in order to compare tho temperatures of the filaments at different 
candle powets we are led to a remarkable result Taking the fila 
ment D and dividing the resistances of D DD and DDD at four 
candlos by those at the higher caudle powers we obtain numbers 
which may be looked on as ratios of conductances and whioh may be 
taken as indicating though not exactly representing corresponding 
changes in the temperature of the carbon 


Table m 



* The two remit* which appear last m thete table* *eem anomalous and therefore 
I have not and them in my calculation* 
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The filament 0 gives confirmatory results, but unfortunately it 
seems to have broken down early in the condition COO. I find, 
however,— 

Table IY. 


4 <*ndle» to 10 madia. { ln d ™ °IT} from 1 to 


0 . 


cc. 


coo. 


Comparing these numbers wo are led to the result that, if we admit 
the assumptions I have made, the temperature to which the carbon 
must be raised in order that it may give out light of a definite candle- 
power is higher when the surface is in the dull condition than when 
it is in a brilliant metallic-looking Btate. 

This result was to mo so unexpected that I proceoded to test it 
directly by the following experiments:—Two glass tubes, similar in 
every respect, were constructed, containing two precisely si milar 
platinum wires cut from the same hank, which had been specially 
drawn for me some months before by Messrs. Matthey and Johnson. 
One of the wires was in its natural bright condition, while tho other 
was covered with tho thinnest possible coating of lampblack, which 
was put on by passing tho wire quickly and steadily through the 
flame of a paraffin lamp. The construction of these tubes is shown 
in fig. 1. The platinum wire ah is kept stretched by two spiral 


Via. 1. 



springs of copper, being silver-soldered to two extremities of these 
springs. Two loops I at the other extremities of the spirals pass over 
two pieces of glass rod- gg, gg, wliioh are passed in by side tubes, 
blown on to the main glass tube; and the spirals pull on tho glass 
rods. The ends of the side tubes are sealed up after the glass rods 
are in their place*, with the exception of one, which is used for con¬ 
necting to the Sprengel pump, and is finally sealed when,a oomplete 
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vacuum has been made Flexible coppei oloctrodes ee are silver 
soldered to the loops at the ends of tho copper springs and to 
multiple platinum wires which aro stale! into the glass tube at A 
and B 1 ino platinum wiros py are attached to tho main wire and 
are brought through tho Biles cf the glass tube and thise serve as 
potential testing electrodes Tho two tnbts and their fittings are as 
has b<H n said perfectly similar in evtiy respect except that one 
platinum wite is covered with an extremely thin coating of lamp 
black 

The two tubos wort attache 1 to a glass foik and wore simul 
taneously exhausted with the Sprtngol pump down to abont two 
millionths of an atmosphere all tho well nndei stood pi eolations as 
to drying &c being carefully atten led to and they wero then at 
the same moment sealed oft from the pump Tho length of tho tubes 
AB is 22 inches over all and the internal diamctoi of tho tubes 
$ inch The distance between the potential olectrodoa pp is 15 inches 
(38 1 centimetres) The diameter of the platinum wire al is 0 022 
inch (0 0199 centimetre) On testing the resistance of the two 
platmmnR between the potential electrodes cold and at tho same 
temperature it was found to be the samo for both to less than one 
ono thousandth part of the resistance of either of them 

The tubes having been pro pa rod as described above they were 
connected in parallel arc to a batteiy of six secondary ctlls in senos 
a variable platinoid wire being added in senes with the tube oon 
taming the bright platinum in order to regulatt its current and a 
rheostat designed for carrying stioig currents was used to contiol 
the whole The connexions will be icadily undeistood from a glance 
at fig 2 

iio a 



With the rheostat and the variable platinoid wire the two plati 
noma were then brought to the same incandesoenoe (as judged by 
the eye) at various brightnesses from just nsible redness up to nearly 
white heat, and the resistances of the platinamB between the potential 
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•oleotrodes were measured by means of a high resistance reflecting 
galvanometer, snitably arranged, with shunt and mterposod resistance, 
for the purpose in hand 

The result of my experiments is to bear out completely the deduo* 
tion which I had made from Mr, Mortimer Evans’ numbers; and to 
show that tho temperature which produces, for example, tho appoar- 
anoe of a certain rod heat, is very much higher when the surface of 
the heated body is dulled than when it is bright as in a polished 
metal. I am not yet prepared to give a definite numerical com¬ 
parison; but in order to show that the difference of temperatures 
referred to amounts to many degrees of temperature, I may be 
allowed to give the following statement. 

The two wires being at the same dull red heat, which from previous 
experience I estimate at perhaps GOO" C., in the caso of the bright- 
surfaced wire, the ratio'of tho resistance of the lamp-blacked platinum 
to the bright platinum was 130:93. Platinums differ very much as 
to variation of resistance with temperature; but in most specimens 
the resistance is donblod, when the temperature is raised from 0* 0. 
to a temperature of from 300° C to 400° C.; and for any particular 
platinum wire the change in resistance is almost in simple proportion 
to the change in temperature From this Btatomont it may bo judged 
that the difference of temperatures between the two platinums, dull 
and bright, when giving out tho same light, was a great many degrees 
-centigrade. 

The difference of temperatures of tlia two glass envelopes was also 
very striking. The glass tnbe containing tho bright wiro was not 
even unpleasantly warm; whilo in the case of the other it was so hot 
as to blister the skin of the hand ; and in this connection it is to be 
remembere^kat the vacuum in the two tubes was the same. 

I proposes soon as possible to continue this investigation and 
render it more oompleto. 


XXIV ." Note to a Paper on the Blood-vessels of Afuetelue Antarc¬ 
tica (‘PhiL Trans.,’ 1896).” By T. Jeffery Parker, B.Sc. 
LoncL, Professor of Biology in the University of Otago. 
Communicated by Professor M. FOSTER, Sec. R.S. Received 
May *, 1887. 

My attention has been called by a perusal of Professor Milnea 
Marshall and Mr. C. H. Hurst’s ‘ Practical Zoology’ (London, 1887), , 
to an omission in my description of the venous system. These authors 
describe and figure, in ScyUium canieula (pp. 218 and 224) a trans¬ 
verse anastomosis, the inter-orbital sinut, connecting the right and 
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left orbital sinuses, and running in the floor of the skull immediately 
candad of the pituitary fossa 

I find that this anastomotio trunk is present in Muttdus antarchoui r 
in whioh species, howover, it hardly deserves the name of sinus, 
being only 1 mm in diameter m a dog fish 1 metre long Its median 
portion is situated, not in the actual cartilage of the skull floor, bnt 
m the thick perichondrium of the pituitary fossa, where it liea 
immediately dorsad and caudad of the arterial commissures to (fig 6, 
Plate 35) at their point of crossing Passing laterad on either 
side it pierces the cartilage of the cranial floor, and finally enters the 
orbit by an aperture placed just cephalad of the trigeminal foramen, 
and about 5 mm caudad of the carotid foramen 

I doubt whether this can be the anastomotio trunk described by 
Robin (see p 712), since it is not situated “deinfcre les orbites ’ and 
can hardly bo described as “ nn sinus plus ou moms vaste 

The vessel in question ought to have been shown in the diagram, 
fig B (p 723) as a narrow trunk connecting the orbital sinuses (orbit a ), 
and should have been referred to in the general account of venona 
anastomoses on p 722 


XXV ‘ On Rigor Mortis in Fish, and its Relation to Putrefao- 
tion By J C. Ewart, M D , Regius Professor of Natural 
History, University of Edinburgh Communicated by J, 
Burdon Sanderson, F R S Received June 6,1887 

1 The Nature of Rigor Mortu 

It has been long reoogmsod] that ngor varies ex Hfry not only 
in tho time of its appearance, but also m its intensity It may be¬ 
wail marked and resemble closely a spasm, or so indistinct that it i» 
better compared to a stiffening than to a contraction of the muaolee 
So much is this the case that it might be convenient to describe 
ngor as accompanied with contraction in some cases and with, 
stiffening in others I have often noticed that when ngor comes on 
immediately after the lose of mnsonla* irritability, it looks extremely 
like contraction, but when it is postponed for days, by lowering tho 
temperature or otherwise, it more closely resembles coagulation I 
am inolmed to believe that whother the ngor resembles a contraction 
or a mere stiffening depends on the condition of the nervous system 
If the coagulation of the myosin takes place at or about the same 
time as the death of the nerves, the ngor will to a certain extent 
be physiological, and simulate a contraction in the extension of 
the fins, the bending of the trunk, Ac , whereas if the coagulation 
only sets in some hours, or it may be days, after the death of the 
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nerves, (he rigor will be purely pathological, and consist of a mere 
fixing of the muscles in whatever position they happen to be. Another 
important consideration is what determines the time of appearance 
and strength of the rigor. In somo instances I have been unable to 
detect rigor, in others, it has appeared at ordinary temperatures, a 
few minutes after death, while in other cases it appeared from ton to 
twenty hours after death. Again in some cases it is extremely weak 
and of short duration, whilst in others it is well marked and pro¬ 
longed. It may be safely asserted that if all the norves in a given 
muscle were destroyed, that muscle wonld still pass into rigor. But 
although tho rigor wonld probably set in were all the nervous ele¬ 
ments destroyed, the nervous system has apparently considerable 
influence in determining the time of appearnnoo of ngor. Borne 
physiologists seem to believe that the rigor comes on when and 
only when death has reached the muscles, by travelling in some 
oases hurriedly, in others slowly, from the central nervous system 
along the motor nerves. I hope to Hhow that the longer tho 
central nervous system continues to act, not only will the muscles 
sooner die, but the rigor will be the weaker and shortor, though in 
some oaseB from the arching of the trunk and extension of the fins, it 
may appear to be otherwise. 

Let us suppose that two fish are instantaneously killed, the ono 
in a vigorous, the other in an exhausted condition. In tho former a 
considerable time will elapse before the energy of tho muscles is 
exhausted, before the explosive material is all used np, while in the 
latter the muscles having already expended nearly all their enorgy 
during life, and little or no new productive material having been 
formed after death, they will soon dio. Further, in the fish killed in 
an active condition, the muscles will give rise to a well-markod lasting 
rigor, whilst in the other it will be weak and of short duration. The 
result of artificial exhaustion is tho same as that of natural. If a 
rabbit is killed and immediately after death tho musolos of ono hind 
limb exhausted by an interrupted current, rigor sots m in the ex¬ 
hausted limb two to throe hours soouer than in the other. In the 
same way, if a fish is tetanised immediately after death, rigor sets in 
quicker than in another fish which has escaped stimulation. But 
further, if two fish are killed aud the central nervous system at onoe 
destroyed in one, but left intact in the other, rigor will be considerably 
later in appearing in the pithed fish. The explanation possibly may 
be that the central nervous system after death tends to exhaust the 
latent energy of the muscles by constantly stimulating thorn into 
action; while, on the other liand, when the central nervous system is 
destroyed, the muscles are not stimulated into action, and there¬ 
fore their final passage into rigor depends chiefly on the tempera¬ 
ture and other surroundings. 
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2 llu. Ordinary Phenomena of Btgor m Fuh 
The changes which take place before and during ngor will be best 
illustrated by the following experiments — 

(1) Physiological Laboratory Oxford 4th 1 ebruary 1887,3 p it— A 
largo activo porch (Perea flumatil ») was taken ftom the tank and laid 
on tho floor of the Laboratory temperature 48° F hor about twenty 
minutes the pei eh it irregular intervals was voi y active but tho move 
ments gradually diminished and about thirty fi\e minutes after it left 
tho water all movements had ceased and there was no response to 
mechanic il stimulation Whtn stimulated at 3 45 by induction 
shocks there was no response until the secondaiy coil indicated 
15 cm * Tho muscular irritability gradually diminished and at 5 45 
there was only a slight rc sponse at tho break with the secondaiy coil 
at 0 cm At 5 50 the lowei jaw an 1 gill covors were neaily rigid, 
and the lmtability had quite gone in the muscles near the root of the 
tail tho last to survivo At 60 the pectoial and dorsal fins were 
rigid and at 0 10 the ngor had oxtended as far as tho polvio fins 
At 6 15 the wholo fish had passod into a pronounced ngor, the 
mouth was opon the gdl covers projected outwaids, all the fins were 
extended and owing to the shortening of tho muscles of the left side, 
the fish (which nils 0 inches in length) was sufficiently enrved to form 
an arc of a c irole 30 inohes in diameter While the muscles remained 
untable they wore noutral or amphichroic but as the ngor extended 
from befoie backwards tiny became distinctly acid 

As soon as the rigor had set in the perch was placed under a bell- 
jar in a porcelain dish containing sufficient water to keep the skm 
moist At 10 1 m the ngor was still well marked, but next morning 
(5th Febiuarj) at 10 A M the ngor had disappeared from the lower 
jaw, gill covers, and pectoial fins When placed with the convex 
aido looking upwards, tho lateral curvature of the trunk soon 
gave way and at 12 noon the wholo fish, except about 1 inches at the 
tail end, was quite limp 

At 10 30 A K, the muscles in front of the dorsal fin were neutral, 
those behind distinctly acid, at 12 noon the muscles of the anterior 
half were slightly alkaline those near the root of the tail were still 
neutral Numerous bacteria w ere found in the layer of muscles lying 
around the body-cavity, and a few were found in the muscles under 
the skin in fiont of the dorsal fin, but no bacteria could be discovered 
either by direct observation or by cultivation in the muscles near the 
root of the tail 

On tho 6lh February pntnd odours were discernible, all the 

* A single Darnell was used m tho primary ooil in the Oxford and two Smees in 
the Edinburgh expenmont* 
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muscles were getting soft, and bacteria, plentiful m the muscles around 
the body-canty, were extending into the caudal region 

In this case death occuned about 35 minutes after the fish was 
taken fiom the water muscular irritability disappeared and rigor 
began to appeal 2 hours 15 minutes after diatli, tho rigor was com¬ 
pleted in 25 minutes after it set in, aud it hod vanished about 
21 hours after death 

(2) Zoological Laboiaiory, Edmbnrgh, 25th Mai eh, 10 am—A 
common eel (AnjuiUi wljarxt ) 18 inches in longth was killed by 
knocking on the head At 6 p M (8 horns uflet death) the whole 
trunk responded freely to mechanical stimulation and the heart was 
still boating At 10 a m of the 26th (24 bouts after death) thore 
was only a fooblo lesponso to mechanic »l stimulation, but strong con¬ 
tractions were ptoducod when the eloctiodes ftom an induction coil 
were applied to the akin,—the secondary coil at 15 cm At 1 l M the 
muscular uritability had slightly diminished in tho anti nor third, at 
6 P M it was still less marked, and at 10 A m ot tho 27th (48 hours after 
death), with tho secondary coil at zero, the muscles of tho antenor 
third contracted veiy slightly At 12 noon the muscles of the antenor 
5 inches gare no response, but those of the middle thud still con- 
tiacted readily, and the muscular irritability increased towaids tho 
tail end Two honiH afterwards (»e, 52 hours after death) the 
greater poition of the antenor third had become ngid—the ngor 
beginning in the lower jaw and passing backwards affecting the gill- 
covers and pectoral fins and then the mnsclos of the tiunk At 
4 pm the muscles of the anti nor portion of tho middle third of the 
eel no longer responded to electrical stimulation, and at 8 PM , the 
antenor half (about 9 inches in length) was ngid whdo tho posterior 
half still responded when stimulated—the strength of the contractions 
still increasing from before backwards The muscles of the ngid half 
had a distinctly acid reaction, those of tho postenor half were neutral 
or very faintly alkaline—a narrow aono near the centre being amphi- 
oroio The muscles of the antenoi third immediately under the skin 
were nenttal and contained no bactena, hut those next the peritoneum 
had a few bacilli aud micrococci, and were alkaline in reaction 

On the morning of the 28th (9 am) the ngor had all bat dis¬ 
appeared from the antenor third, the middle third was quite stiff, and 
the postenor third, except near the tail ond, contracted very feebly 
With the secondary coil at rero 

At 1 pm ngor had passed from the antenor half, but the 
musoles of the postenor third were still lmtable Tho reaction of 
the musoles m the antenor third was now slightly alkaline, and they 
oontamod a few bacilli aud miorooocci similar to those found on the 
previous day m the musoles around the body-cavity At o P M only 
the terminal 3 inches responded when the oleotrodes were introduced 
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into the muscles, and. the rigor was passing from the remainder of 
the middle third and making its appearance in the front portion 
of the posterior third At 6 p n the rigor had all bat gone from 
the middle third, and a weak rigor had set in m the posterior 
third At 8 ph (82 hours after death) the whole eel was quite 
limp—the ngor on the posterior third haying been weak and of short 
dnration The alkaline reaction increased from before backwards, to 
about 3 inches from the tip of the tail, where it was nential, and 
bacteria coaid be detected in the muscles a little beyond the middle 
half Next mownng (29th March) all the muscles weie alkaline, and 
a few bacteria were present even m the muscles near the tail endj 
and the anterior portion was smelling slightly This cel was under 
observation until the 13th April, when putiefaction had considerably' 
advanced While undei observation the eel was kept in water which 
varied from 48—62“ F I may add that the blood and peritoneal 
fluid wero examined immedi itely after death, and that thongh small 
bacilli were fairly abundant in the lymph it was impossible to dis¬ 
cover any organisms in the blood In this eel the muscular initabihty 
lasted in some of the muscles for nearly eighty two hours after death 
As a contrast to this above experiment, I may describe shortly 
another 

(3 ) On the 6th Apnl, an eel, also about 18 inches in length, which 
was killed by an electrical shock from a Holtz machine, passed imme¬ 
diately into rigor—what might be called ‘ oataleptio rigor” The 
posterior half—in which there is no body cavity—was stonlised (by 
placing it for a shoit time in a 5 per cent solution of phenol) and 
then introduced with the usual antiseptic precautions into a jai of 
stenbsed distilled water The ngor still (June 10th) continues on 
this portion (the poatenor half) of the eel, while the anterior half, 
whioh was introduced into a 5 per oent solntion of phenol after the 
ngor had disappeared, is now quite limp and soft 

From these experiments it may be inferred that under ordinary 
conditions there is an intimate relation between loss of untability 
and the setting in of ngor, and that ngor vanishes as the baotens 
invade the tissues 

3 The Time at which Rigor appears 

Under ordinary circumstances the setting in of ngoi in the various 
kinds of fish soems to depend on the amount of untability of the 
muscles at death In all probability it might be possible to dis¬ 
cover when the ngor would come on by determining the amount 
of free acid in the muscles, in other woids, there is a relation 
between the appearance of the ngor and the amount of oatabolio 
material in the muscles at dgath Thu seems to vary in an unac¬ 
countable way, eg, if three two-year-old trout of as nearly as 
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powble the same size, which have been bring nnder aa nearly at 
possible identical conditions since the day of hatching, aro captured 
at the same moment while lying quietly in the corner of a tank, and 
allowed to die in the landing net, the rigor may appear in one (A) 
15 mmuten after death, m another (B) 10 minutes, and in the third 
(C) 40 minutes after death We must supposo that this variation 
results either from the condition of tho muscles at death, or from the 
influence of tho nervous system 

It at death the muscles of (C) contained (owing to the oxygonation 
of the blood continuing longer) less bye products than (A), it might 
be possible to undei stand why tho time at which the ngor set in 
differed Again, if in (A) the nei vous system continued to produce 
muscular conti actions longer than in (C), »i , ltd to the more com¬ 
plete exhaustion of the muscles of (A) than (C), tho diffeience might 
be easily understood It is of oourso difficult, if not impossible, to 
determino which (if eithei) of these explanations is tho correct one, 
but that they may both have some influence in the result may bo in- 
famed from the following facts (1 ) If two trout are taken from the 
■w ater at the same time, and one is left with its gills freely open in 
the landing net, while m the other the gills are kept firmly closed by 
an elastic band, the one with the gill-oovei s extended will dio, it may 
be 20 minutes before the other,* but will be 30 to 40 minutes later in 
becoming ngid, the reason apparently being that the closed gill-covers 
prevent the evaporation fiom the gill-chamber, and the consequent 
increase in temperature and loss of function of the gill filaments 
(2 ) If two trout aie taken from the water at the same time, the one 
allowed to die in the landing net, while the other is at once killed and 
pithed, the ngor sets in in the former several hours (4—8) sooner 
than m the latter, » a , it is later in appearing m the fish in which the 
bram has been destroyed 

Althongh in some cases it is difficult to account for the time at 
which the ngor sets in, fairly satisfactory explanations can be given 
in others It is well known that most fish can hvo for months with¬ 
out food In fact fish m confinement often appear to “ thnve ” best 
when not fed, they are less sensitive and less liable to suffer fi om 
disease Even m a wild state fish seem to all but give up feeding for 
weeks at a time, more especially during tho spawning season, and the 
ohief difference between under-fed and wqll fed fish appears to be that 
in the former there is little oi no growth, and the spawning period is 
delayed or the formation and maturation of the roe and milt are 
arrested Bat although many fish are capable of living for months 
withont food in aquaria, now and then one sickens and dies withont 
•ny apparent cause. 

* This wu flnt pointed out to me by Sir James Maitland, Bart, when netting 
the Howieton Fishery 
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Aa in warm-blooded animals which die before maturity is reached 
from wasting diseases, the rigor soon appears and as rapidly goes, so 
m young fish which havo been living in confinement, the rigor is 
often weak and evanescent 

Foi example, a young roach about 6 inches m length, which for 
some hours had barely managed to survive was killed, and, though 
carefully watched, it was impossible to deteot any ngoi, and equally 
impossible fifteen minutes after death to obtain any response from 
electric stimulation with the socondary coil at sero Again, as m a 
“ hunted hare ’ tho rigor sots in rapidly and is of shoit duration, so 
it is in a long “ playtd ’ fish On April 14th a trout was chased for 
nearly half an hour before it was landod About 20 minutes after it 
was taken from the water, even although tho brain was destroyed 
immediately after death, tho muscular irritability had disappeared, 
and the rigor was complete befoie JO minutes had olapeed with the 
temperatuie at 9 5° C Under ordinaiy conditions, if an activo two- 
year old trout (& levtmnns) about 9 incites m length ib taken from 
the water and loft m tho lauding not, it usually lies pofectly still, 
only giving an occasional wriggle During the first few minutes the 
bxeathing movements are performed, but as soon as the fish icalises 
fully it is out of tho water, tho mouth and gilkcovers aro tightly 
closed—an instinct which fish display, whereby they hotter thoir chanoo 
of suivmng until they again perchanco reach their native element 
In fiom 20 to 30 minutes, probably owing to tho muscles being ex¬ 
hausted, the mouth is opened and the gill covets are widely extended, 
and in a few minutes latei (5—10) the fish dies If it dies in about 
25 minutes, tho muscles will respond to mechanical stimulation 
10 minutes after death, and 60 minntes after death all the muscles 
will respond fitcly to electrical stimulation with the secondary coil 
at 15 cm Qiadually tho muscles from before backwards lose their 
irritability, and 1} hours after death, though the muscles near the 
tail still respond with the secondary ooil at 15 om , tho muscles of the 
lower jaw will only respond when tho indicator is at sero, and 
2 hoars after death only the muscles of the posterior half of the trunk 
retain their irritability At 2} hours after death even the caudal 
muscles require the secondary coil at 12 cm , 10 minntes later at 
8 om, and in 15 to 20 minutes more (about d houis after death) only 
a fain t response is obtained with the secondary coil at sero Two 
hours aftei death—before muscular irritability has gone from the 
caudal muscles—the musoles of the jaw becomo rigid and the stiffen¬ 
ing extends backwards, overtaking the gill covets, the pectoral, 
dorsal, and pelvic fins and one myotome after, until the ngor is 
complete 

The time lequued is never the same, hut on an average the ngor 
is accomplished in a trout allowed to die m a lauding net, and 
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kept afterwards in the air at a temperature of 9° C., in from 1 to 
1} honra—8 to 3} hours after death. When a trout is taken from the 
landing net immediately after all signs of life have gone, and placed 
in water at the samo temperature (D°C ) the irritability continues 
about 10 minutes longer, and the rigor » from 15 to 20 minutes later 
in sotting in When the temperature is raised to 15* C. tho irrita¬ 
bility goes, and the rigor appears in from 20 to 30 minutes, and 
reaches the caudal muscles about 45 minutes after death. At a tem¬ 
perature of 25* C. tho rigor may set in in 15 minutes, and bo complete 
in about 25 minutes after death, while at a temperature of 30° rigor 
often comes on in the trout 5 minutes after death, and vanishes 15 or 
20 minutes later. At a temperature of 38° C heat rigor at once sots 
in. As tho temperature is lowered the rigor is later in making its 
appearance, and a considerable period elapses between llio loss of mus¬ 
cular irritability and the setting in of rigidity. At low temperatures 
it is often extremely difficult to say at what time the stiffening begins. 
A trout in water at 1° C seemed to pass into rigor about 23 hours after 
death; at —1° C. there was no distinct rigor 30 hours after death, 
but well-marked stiffness 10 hours later, but at lower tomperatures 
(—7° to —20° C.) neither rigor nor stiffening could be detected in 
four trout which had been respectively 2, 3, 4, and 5 days in the 
freezing mixture. Further, trout whioh had been subjected to a tem¬ 
perature below —7° C. never stiffened, even when introduced imme¬ 
diately after thawing into water at a temperature of 25° C 

Judging from the abovo and other experiments, it seems that 
raising the temperature either before or after douth has the same 
influence as muscular or nervous exhaustion in hastening the rigor. 
The increased temperature quickens all the chemical and other 
changes, and thus leads to the rapid and all bnt complete destruction 
of the catabolic material stored np in the muscles. On the other 
hand, cold either diminishes or arrests the metabolic changes. At a 
temperature below freeling point the muscles contract, even when 
stimulated less quickly, and hence they long retain almost unaltered 
the contraction-producing material which happens to be present when 
death sets in; so that whon tho rigor eventually appears it, as already 
mentioned, more resembles a mechanical coagulation of the muscles 
than a strong contraction. It is difficult to dotermine whether the 
rigor, whioh appears at a low temperature (5° to —1° C.), is really 
stronger than the rigor that comes on at a high temperaturo. When 
a trout, in which the rigor lias set in at a temperature of 2* C., is 
placed in water at a temperature of 25° C., stiffening vanishes in 
about the same time as it would had tho rigor set in at a temperature 
of 20° 0. 

The intensity and duration of the rigor which follows death in 
warm-blooded animals from lightning has been again and again 
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discussed It u stated by some that rigor never appears, whilst 
others asset t that the ngor which follows death by lightning is often 
well marked and of considerable dnrahon From experiments made 
with fish it seems that in some cases the rigor may be instantaneous 
and well marked, 01 it may appear some time after death and be of 
short duration, whilst m others it may resemble closely the ngor that 
sets in after doath fiom ordinary causes When a trout receives a 
sufficiently strong electnc shock it is instantaneously killed, and at 
the same moment thrown into a well-marked tetanic spasm which 
passes dirootly and almost imperceptibly into rigor A trout about 
10 inches in length which receivod a Btrong Bhook* by plaoing one 
eleotrode under the left gill coi er and the other (a chain) round the 
tail, was thrown into a pronounced spasm which olosely resembled a 
heat ngor, the lower jaw was depressed, the gill covers widely opened, 
the fins fully extended, and the trank stiongly arched After the 
shock the gill covers and tail quivered two or three times, and in 
about five mmntea the mnsoles lost their n ntabihty, and in thnee 
minutes more were strongly acid Ten minutes after the shock the 
fins became if possible moie extended than before, this further 
extension indicating probably the passage of the tetanic spasm into a 
true ngoi 

In all tho experiments when a sufficiently strong current was used 
the result was tho same, but on several occasions, though tho current 
was strong enough to cause death, the muscles recovered from the 
tetamo spasm and ngor set in about one hour and twenty minutes after¬ 
wards On otbei occasions, though the fish was thiown into a strong 
spasm and seemed dead, theie was in fiom ten to fifteen mmntea com¬ 
plete tecovery When fish, which had not only been killod by the 
shook, but had apparently also passed into a strong ngor, received 
several additional shooka not later than thirty minutes after the first, 
the ngor disappeared, and although the musoles failed to recover their 
instability, ngor did not again set in for nearly an hour This seems 
to confirm what has already been observod by others, that ngor np to 
a certain limit may be broken down and kept at bay for some time 
The breaking down of the ngor may be accounted for by supposing 
that only a certain proportion of the fibres bad stiffened, or that 
coagulation had been incomplete It was especially nottoed that 
when the muscles recovered from the first tetamo spasm in fish which 
had been killed, it was impossible to bring on a second spasm snffi- 4 
ciently strong to pass directly into ngor, and further that the spasm 
which appeared in fish stimulated after death was never so well 
marked as in fish which were simply under the influence of ethei 

* A Holt? machine wu need, apd the jar wai 81 inchee m diameter with ooatMjp 
18 inchet high 
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Nevertheless, when both the brain and spinal oord had been de¬ 
stroyed, the spasm was sufficiently strong to pass directly into rigor, 
showing that however mnoh the peripheral nerves were concerned, 
“ cataleptic rigor ’ was possible without the central nervous system 

It has always been extremely difficult to account for partial cata¬ 
leptic rigors, such as sometimes ocour m tbo battlefield from gnnshot 
wounds It has been snpposod by "Falk and otheis that those obscure 
rigors resalt from injury of the spinal oord I had no difficulty m 
producing partial ngors m fish, e g , when one elootrode was intro¬ 
duced into the bram of a fish, and another into the muscles half along 
the lateral line, the anterior half of the fish was thiown into strong 
ngor, from which there was no recovery while the lest of the fish 
remained qmte limp for five hours after death Before the posterior 
half of the fish had become stiff, the rigor had all but disappeared 
from the anterior half the posterior half remaining ngid foi nearly 
twelve hours In the same way, in a fish in which the bram and 
spinal cord had been destroyed tho posterior half oould be thrown 
into ngor which almost vanished before the anterior half became rigid 
Hence we may suppose that in partial rigor a strong to tamo spasm 
has been producod directly influencing tho muscles, or by injury of 
the nerves or the nerve centres by which a particulai group of muscles 
is controlled I may mention that in several instances the electric 
current was seen to flash along the surface of the skin, and that when 
this happened there was often marked pigmentation of the one side, 
while the othei remained pale and farther the muscles under the 
darkened skin were often quite rigid, while those under the unaltered 
skin remained for a time elastic and extensible 

The influence of Faradaio ourrenta and of often repeated continuous 
currents was very marked A trout, e g , in which after death first 
the brain and afterwards the spinal cord were stimulated, was thrown 
into spasms which became weaker and weaker until 10 minutes after 
death, no response was obtained In this case the ngor set m 20 
minutes after death, and 20 minutes later it had extended to the 
caudal muscles Ihe appearance and nature of the ngor were 
always directly related to the previous exhaustion produced in the 
muscles 

The effect of animal eleotnoity seems to correspond to that of 
ordinary electncity, except that in fish lulled by eleotnoity from 
eleotno organs the^ngor seems later in setting in For example, in 
two small roach killed by the electnc eel (Oymnotue electncus ) in the 
insect house of the Zoological Gardena, London, on the 21st March, 
and kept under observation in water at a temperature of 45° F, n6 
distinct ngot had set in twelve hours afterwards • Two roach killed 
on March 31st about 5 pm, after 'receiving numerous weak shooks 
* I am indebted to Ur Bomanei for making this obterration 
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from the apparently exhausted electric organs, began to stiffen 10 
honrs afterwards, and were qmte rigid 11 \ hours afterwards, the 
temperature varying from 50—44° F On the 3rd April two other 
roach were "struck” when the fish was vigorous, one was killed by 
the first shock, the other after reoemng two shocks, and both were 
quite rigid 5^ hours afterwards Wo thus see that the setting in of 
the ngor is related to the strength of the shock received, but that 
even when the shock is strong enough to causo instantaneous doath 
the ngor is delayed for several hours The advantages of being able 
to kill the fish instantaneously without producing immediate ngor is 
evident enough It would be often unoomfortablo if not impossible 
for Gymnotus (and still more for the small-mouthed torpedo) to 
swallow a fish in strong ngor, and yot unless the fish were sufficiently 
" numbed ” they would loadily escape from their BluggiBh destroyers 
It may bementionod that a trout which had been pithed immediately 
after death and placed in artificial gastno juice at a temperature of 
100° F, became rigid in less than a minute, and the ngor com¬ 
pletely disappeared 35 minutes later A similar fish m water at the 
same temperature bocame at once ngid, but the rigidity persisted 
foi an hour and ten minuteB 

Experiments were mado to determine the influence of acid, alkaline, 
and other solutions in bnnging on and keeping back ngor Salt 
solution, as is well known, prevents ngor setting in in proportion to 
its ooming into contact with the muscles Alkaline and soptio solu¬ 
tions seem to have no influence either way, while acid and corrosive 
solutions soem to hasten its appearance, but the latter only to a limited 
extent Generally speaking, whatever tended to influence the ngor 
influenced the lrntability of the muscles, but at low temperatures 
there was no relation between the disappearance of the imtabibty 
and the setting m of the ngor The muscles lost beyond recovery 
their mutability in the trout when the temperature was kept for a 
few minutes at — 70° C , but while this temperature was maintained 
no ngor appeared, and, as mentioned above, fash which were kept 
under —70° C for several days never became ngid when removed 
from the freezing mixture, in some cases, however, they seemed to 
become slightly firmer—the continuod freesing probably so alters the 
tissues that the usual coagulation or stiffening is rendered impossible 

4 The Duration of Rigor. 

There is, as generally believed under ordinary oiraunstanoes, a 
close relation between the duration of a ngor and the time at which 
it sets in, i e, if a ngor sets in half an hour after death, it is not likely 
to last long, while if it appears twelve hours after death, there is a 
probability that it will continue for several hours On the other hand, 
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there does not seem to be usually an intimate relation between the 
apparent intensity and the duration, for a short-livod rigor prodnoed 
at a high temperature may look most pronounood, while a fish 
in a itrong rigor (which may last for twenty-four hours or more) 
has often neither the gill-oovers nor fins extended, nor tho body dis¬ 
tinctly arched. We must supposo that there is some relation between 
the duration of the rigor and tho condition of the muscles when it 
sets in. If before the rigor appeal's the latent energy of the muscles 
has been all but exhausted, either before or after death, naturally or 
artificially, the rigor though well marked will be of short duration, 
while on the other hand if a considerable amount of rigor-producing 
material is left when tho stiffening supervenes, the rigor, though not 
strikingly resembling a tetanic spasm, will be more intense and more 
persistent. 

As the rigor comes on, all the muscles shorten (or contract), the 
extensors usually overcoming the flexors and the muscles of one side 
(or probably the red muscles of one side) overcoming tho musclos of 
tho other, and thus leading to arching or lateral curvature of the 
trunk. This curving is sometimes so intense that a fish 10 inohes in 
length may form the aro of a circle little over 6 inches in diameter. 
Up to a certain time after the rigor seta in it may, either by electrical 
stimulation or mechanically, be broken down, not once, bnt several 
times; bnt the oftoner the coming on of the rigor is interfered with, 
the final rigor is tho weaker and the loss persistent. Apparently at 
ordinary temperatures there is a regular order, not only in the stiffen¬ 
ing of the various groups of muscles, but also of the various bundles 
of the individual muscles. If this is the case, the alternate appear* 
anoe and disappearance of the rigor may, as already indicated, be 
socoanted for by saying that when a partial rigor is broken down, the 
stiffening of certain muscles or portions of muscles has been arrested 
or destroyed, and when the rigor sets in again new muscles or muscular 
bundles have stiffened, while those in which the rigor had previously 
appeared either remain limp or have their rigidity oompleted. When 
rigor which baa been fully established in isolated muscles or groups 
of muscles is destroyed, it never reappears. I have not yet succeeded 
in recording in a satisfactory manner the strength of the rigor under 
different conditions, but from the results already obtained, it appears 
the more rapidly the rigor comes on the more closely it resembles an 
ordinary muscle contraction. 

A comparative table showing the changes which take place in the 
muscles of different animals at different temperatures while the rigor 
is coming on and going off would be very instructive. It may be 
mentioned that in fish, as in other vertebrates, as the rigor comes on 
there is a rise in temperature, and the reaction changes often 
rapidly from slightly alkaline or neutral to distinctly aoid. In a 
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trout about 10 inches in length the temperature during life wa» 
10 15° C, the temperature of the water being 9° C , and the air 9 3° C 
After death the temperature fell to 9 5°, but as soon as the ngor had 
set in, the temperature of the muscles rose rapidly, reaohing when the 
ngor was all but completed 10 3 s C Ten minutes after the ngor had 
been completed the temperature was 10 2° and it gradually fell until 
it reached 9° 0, forty fare minutes after the maximum had been 
reached In this fish ngor began to disappear two hours after death, 
and as the i lgidity vanished the temperature again rose, being 10® C 
three horns after doatb, 10 05° when the ngor four hours after death, 
had vanished from the antenor third of the fish, and 10 03 s when only 
the muscles of the tail continued ngid, when the fish became quite 
limp, six hours after death the temperature was again 9° C As 
putrefaction proceeded the temperature again rose to 10° 0 , and it 
vanod between 9 5° C and 10* C for two days, after which it was 
the same as the temperature of the laboratory The acidity increased 
as the ngor came on, and then gradually diminished until the muscle* 
were neutral As putrefaction advanoed the tissues became decidedly 
alkaline 

The ngor is least persistent in fish which die m an exhausted con¬ 
dition at a high temperature If an exhausted trout is placed 
immediately after death in water at a temperature of 35° C , ngor 
appears in from 3 to 10 minutes and disappeais in from 15 to 30 
minutes, * e , at the most 40 minutes after doath 

If a trout is killed and pithed and then introduced into water at a 
temperature of 35* C , the ngor appears in from 10 to 15 minutes, 
and persists from 50 minutes to 1 hour In a fish treated m the same 
way at a temperature of 25° C , ngor appears in from 60 to 65 minutes, 
and persists for 2^ to 3 hours, while a similar trout placed m water 
at 15" C does not begin to stiffen for 5 hours, and the ngor may only 
be completed 7 hours after death, and begin to pass off about 20 hour* 
after death The nervous system has doubtless considerable influence 
in determining the length of the ngor, as it has in deciding its time 
of setting in If an active trout (A) u carefully captured and allowed 
to die m the landing net, which when undisturbed it usually doe* 
without a struggle, and if when all signs of life in (A) have vanished, 
a second trout (B) is secured and at once killed and the brain and 
spinal cord destroyed, m (A) the ngor may begin to disappear 2 hours 
after it has been completed and may only last altogether 7 or 8 hoars, 
while in (B) it may last at least 24 hours When the brain only is 
destroyed it disappears from 1 to 1| hours sooner, the temperature 
being from 9—10° C 

lhe difference of the duration of the ngor m fish which are 
allowed to die and in fish whioh are knocked on the head or hav e both 
brain and spinal cord destroyed is well marked at all temperatures above 
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fS # 0 , bnt at temperature* below 5* 0 the difference is leas evident, 
the oold serving either to paralyse the nervous system or to prevent 
the muscles responding to tho weak stimulations wh ch reach them 
If two fish, one (A) with brain and cord destroyed, the other (B) 
with both intact (B having been allowed to die slowly in the net), are 
placed in water at a temperature of 25° C , tho ngoi in (A) persists 
for 2J to 3 hours while in (B) it vanishes in 1J to 2 hours If two 
similar fish are kept undci observation at a temperature of 6° C , m 
the pithed specimen the rigor may last three days, while in the other 
it may not last 48 hours As it is impossible to suppose any vital 
changes take place after the rigor appears, its duration must depend 
on the condition the muscles are in whon they becomo ngid, so that 
we must account for rigor in pithed fish persisting longer than in fish 
allowed to die naturally, in the same way as wo account for ngor 
setting in at different times in fish differently treated 

There is little to add to what has been already raid as to the 
influence of temperature m driving off or maintaining rigor In 
unpithed fish the ngor at a temperature of 35° 0 may only last 30 
minutes, at 25* C it may last 5 hours at 15° C it may persist for 
24 hours, at 10° C 36 hours, at 3° C 46 hours at 1“ 0 three 
days At —2° 0 it continues unchanged for an indefinite time On 
the other hand, in fish which after the i igor had sot m wore kept for 
several days at a temperature between —7° 0 and —20“ 0 , the rigor 
disappeared before the thawing was completed 

Perhaps the ngor was destroyed by alterations produced in the 
muscular fibres during freeving It was certainly not owing to the 
direct contact of the salt and ice freesing mixture, for the same 
results were obtained when fish were frosen in air and in fresh water 
in stoppered bottles That the rigor persists until the fish are thawed 
does not seem probable, because it persists for some time after thawing 
m fish which have been for ten days at —2* 0 and true rigor never 
appears m fish which have been kept for several days below —7° 0 
The duration of ngor which occurs after death from an electric 
-shock vanes considerably, the variation evidently depending either 
on the direct influence the charge has had on the muscles or on the 
condition of the central nervous system after the shock In a trout 
which was killed and thrown into instantaneous cataleptic ngor 
at one and the same moment, the ngor began to disappear from 
tiie jaw and gill covers 7J hoars aftei wards, and 16 hours latex 
-it had completely passed off In another trout in whioh only 
the antenor half was stimulated, the rigor had passed off 9 hours 
afterwards, about 3 hours after the ngor appeared in the pos¬ 
terior unstimulated portion Conversely when the shook was 
Passed through the posterior half of a trout, the ngor continued 
otafal 8§ hours after death, while the ngor in the antenor half. 
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which was completed 6 hours after death, lasted 11 hours, the 
order of appearance and disappearance in this case being practically 
reversed 

In a trout, in which one electrode was in contaot with the skin 
while the other was m the wa+or, the fish was thrown into a Btrong 
spasm, but not instantaneously killed The skin of both sides behind 
the point of contact of the electrode (which was near the head) 
became deeply pigmented, tho jaws and gill covers continued to 
move at intervals for 30 minutes, after which thoro woro no signs of 
life The tetanic spasm seemed to pass off to a teitam extent, but 
as soon as the gill covers stopped acting the musculai uritabihty 
was lost, and a strong ngor set m which lasted foi nearly 15 hours 

Another trout, which was tetamsod and killed by an eloctnc shook, 
recovered from tho spasm and passed into a ngor 2^ hours after¬ 
wards, which only lasted 7 hours 

Another trout, which was killed, but not permanently tetamsed by 
the first shock reci lvfcd seven other shocks, somo of them of great 
intensity In Iosh than an hour after the first shook ngor set in, but 
it was of Bhort duration, for in 20 minutes aftor tho stiffening 
appeared the jaw and gill covers were relaxed, and the whole fish was 
soft and limp 1^ hours after death 

It may be taken foi granted, from tho experiments mado, that the 
prolonged ngor of pithed fish is closely related with the destruction 
of the central nervous system, but it does not necessarily follow that 
the strength of the ngor in fash, instantaneously killed and stiffened 
by an electric shock has tho same explanation It is doubtless 
possible that a single Btrong shock may, by destroying the nervous 
apparatus, produce the same results as pithing, but it is also possible 
that the appearanco and duration of the ngor m fish killed by 
electncity may be largely influenced by chemical changes in the 
muscles 

Tho observations made as to the appearanoe and duration of ngor 
in the trout have been confirmed by control oxpenments on other 
fish It will bo sufficient in the meantime, to refer to the behaviour 
of the perch (Perea Jhmatilu), roach (Leueucus ratlins), and eel 
(Anguilla vulgani), under conditions similai to some of those above 
mentioned 

In a roach, which died in an exhausted condition, there was no 
response to mechanical stimulation, and SO minutes after doath only 
a weak response at break, with the secondary coil at 0 0 cm It was 
almost impossible to say either when the ngor set in or disappeared, 
and four hours after death the muscles of the trunk were alkaline, 
and contained bactona A similar roach, which was killed by a blow 
on the head and afterwards pithed, responded freely to mechanical 
stimulation for 1 hour and 20 minutes At first the movements were 
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rigorous, e.g., when held in the vertical position half an honr after 
death, all the swimming movements were repeated At 1 hour and 
40 minutes after death the muscles responded with tho secondary coil 
at 15 cm., and they still responded 9 hours afterwards with the 
secondary coil aj; O'O cm. Soon after tho irritability of the mnacles 
was lost, rigor set in, and extendod slowly backwards without produo* 
ing very marked extension of the fins, and was completed about 
19 hours after death. The rigor persisted unaltered for 11 hours, 
when it slowly vanished in the same order as it appeared, leaving the 
anterior two-thirds of the fish quite flexible about SC hours after death, 
but remaining in the posterior third for noarly 7 hours longer. The 
temperature in both cases varied from 11“ C. to 12° 0. 

When a somewhat exhausted roach was placed in water at a 
temperature of 35* C., tho muscles rapidly lost their irritability and 
tho rigor set in 30 minutes after doath, was well established in 45 
minutes, and was disappearing 2 hours after death, and quite off 
2 hoars 45 minutes after death. 

At a temperature of 20° C. the rigor set in 1 hour and 30 minutes 
after death, and had all but passed off 4 hours after death. At 
a temperature of — 1° 0. tho rigor came on extremely slowly. On 
placing several roach in water at a temperature of —1° C. and taking 
them out at intervals, I came to the conclusion that in small roach the 
ngor set in between 24 and 27 hours after death. In roach which 
had been in water at a temperature of — 1° C for 9 days, tho rigor 
persisted for several hours after thawing, even when this was done 
very slowly. In the perch, generally speaking, the irritability of the 
muscles lasts longer the later the ngor is in appearing; e g , in a perch 
about 11 inches in length, which had boon killed and pithed, tho muscles 
were slightly irritable 13 hours after death, and the rigor was only 
fully established 9 hours later, and it had only disappeared from the 
anterior two-thirds of the fish 48 hours after death. But even a 
vigorous perch, if allowed to die in the usual way, may lose its 
muscular irritability and pass into rigor 2\ hours after death, and 
become flexible again 16—18 hours after death, at a temperature of 
11-5° C. 

5. The Disappearance of Rigor. 

It has long been admitted that there is some relation between the 
disappearance of rigor and the beginning of putrefaction, that in fact 
putrefaction assists in driving away tho rigor. While endeavouring 
to diaoover a simple means for preserving fish in a fresh condition 
last autumn, it occurred to me that there might be a closer relation 
between rigor and putrefaction than had hitherto been determined, 
and that it might in fact be possible to prevent pntrefaotion by main¬ 
taining the post-mortem rigidity of the muscles In order to asoer- 
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tun what ground there was for entertaining this notion, I proceeded 
to study the ongfh and nature of rigor in fish and other animals 
At a very early stage I learned that the longer the rigor lasted the 
longei putrefaction was delayed, and also that putrefaction set m 
quicker m fish in which them was a large amouqt of putrescible 
matter in the alimentary canal, than in fish in which the alimentary 
canal was practically empty For studying the relation of bacteria to 
the disappearance of ngor, I at the outset used sea fish, but afterwards 
trusted chiefly to fresh water forms, owing to the great difficulty 
m obtaining haddock and other fish in a perfectly vigorous condition 
I soon observed that haddocks and whiting which were knocked on 
the head when captured (after the manner long practised by the 
fishermen who send “ livo ” cod to Billingsgate) were longer in 
stiffemng than fish which were left wriggling as long as their energy 
lasted in the hold of the boat Latei I found that the ngor per¬ 
sisted longer in haddocks and whiting which wero gutted immediately 
after capture than m ungutted fish If, eg , we take six haddooks 
(about the same sue and captuied on the same fishing bonk at or 
about the samo time) and, (1) leave two (Senes A) to die m the 
usual way (temperature 7—8° C, (2) kill two (Senes B) by 
knocking on the head and then pith, and (3) kill the other two 
(Senes C) and both pith and gut, m Senes A the ngor may 
appear 10 minutes after death, but in B and C it may not set 
in for 2 or 3 hours Further, in A the ngor may have disappeared 
from the trunk (the portion co-extensivo with the body-oavity) 
10 hours after death, while m B it may persist foi 13 hours, and 
in G for 20 hours, and while A might be quite limp 21 hours after 
death, B might continue ngid for 25 hours and 0 for SO hours after 
death 

It may be taken for granted that ngor results chiefly from the 
formation and coagulation of myosin, and farther, that the intensity 
of ngor depends on the amount of myosin foimed in the various 
muscles If nearly all the myosin-forming matenal has been used 
up before ngor appeals in producing muscular contractions, compara¬ 
tively little myosin will be formed, while in fish wbioh have been 
pithed (if pithing diminishes the muscular contractions) there will be 
(except when the ngor is greatly delayod, as in the tail of the eel) 
sufficient material left to admit of a considerable amount of myosin 
appearing in the subs tan oe of the muscles 

But after all the amount of myosin formed in any given muscle 
accounts rather for the firmness of the muscle during the ngor than 
for the duration of the rigidity Why does the myosin not oontmne 
unchanged P Why does it not, as it were, liquefy P And why does the 
ngor persist not only longer in some fish than in others, but also 
longer in some parts of individual fish than m others P 
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Experiments show that the rigidity is easily overcome (1) by 
alternate flexion and extension; (2) by raising the temperatnrc; 
(3) by freesing; (4) by the action of acids and alkalies; and (5) by 
means of organisms. That this last cause is more important than 
all the others put together might, perhaps, be inferred from the 
fact that in fish in which bacteria abound in the tissues at death, 
either no rigor or a very weak one makes its appearance. This 
inference is confirmed by the following observations and experi¬ 
ments. (1.) A septio solution was injected into the right femoral 
artery of a newly killed rabbit, the rigor, though it appeared abont 
the same time in the right limb as in the loft, disappeared much 
quicker from the nght (2.) A large roach was killed on the 4th 
February and at once gutted. The muscles of the right side, imme¬ 
diately in contact with the peritoneal lining, were inoculated by 
septio bacteria (introduced by pricking the peritoneum with a rosette 
of needles fixed in a piece of sealing-wax) and the peritoneum covering 
the left side of the body-cavity was washed with a solution of 
corrosive sublimate (1 in 10,000) The rigor was to my surprise 
equally well marked on the two sides; but 24 hours after death, 
when the rigor began to disappear, the right side became limp abont 
2$ hours before the left, and 36 hours after death the muscles of the 
right side wore soft and beginning to putrefy, while those of the left 
were still firm; further, a piece of musclo taken from nnder the skin 
of the right side opposite the anterior margin of the dorsal fin swarmed 
with bacteria, while a piece of muscle from a corresponding point 
on the left side contained comparatively few bacteria. (3.) Roach 
and trout, which were gutted immediately after death, and dipped for 
a time in solutions of phenol (5 per oent.) and corrosivo sublimate 
(1 in 1,000), and afterwards introduced into sterilised water, retained 
their rigor unimpaired for an indefinite time. Whenever the fish, 
however,-were transferred from the sterilisod into ordinary water, 
rigor began to disappear—the passing off being always accelerated 
when organisms were introduced into the water, or when the tempera¬ 
ture was raised. Behoving the rigor in the above fish might be 
mere stiffening produced and maintained by the action of tho phenol 
and corrosive sublimate solutions, I introduced fish from which the 
rigor had been driven off by heat into similar solutions of phenol 
and oorrosive sublimate. Limp fish treated in this way never became 
stiff—the natural firmness of the fresh muscles was simply maintained. 
(4.) Eels whioh were thrown into instantaneous rigor by strong 
eleotrio shocks behaved in the same way. The posterior half of a 
large eel (the part behind the body-cavity) in oataleptio rigor was 
placed in phenol and then in sterilised water on the 8th April A 
similar portion was introduced on the same day into sterilised water 
after tho skin had been rendered aseptic by oorrosive sublimate. 
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Both specimens are still (Juno 16th) m well marked ngor, and m the 
muscles near the out surface I have been unable to detect any bacteria* 
and the reaction of tho muscles is still slightly acid 

These and other experiments justify the conclusion that ngoi, 
under ordinary circumstances is in all probability driven away by 
putrefactive organisms Ono of the most remaikable changes wluoh 
accompanies tho disappearance of rigor is the change ot reaction of 
the muscles fi om acid to alkaline As soon as the ngoi begins to 
lose its hold the acidity diminishes, and gradually or rapidly dis¬ 
appears for a time the muscles are neutral but sooner or later they 
are distinctly alkahno The muscles aiound tho body cavity become 
alkaline first, from these muscles the alkalinity extends outwards 
towaids tho skin and later extends into the muscles of the tail but 
in somo cases a long interval olapses between the appoaranco of the 
alkaline reaction m the sab pcutoneal muscles and tho myotomes 
situated behind the body cavity A point of considerable interest is 
that the reaction of the muscles under the skm passes fiom acid to 
alkaline before they arc invaded by bacteria This can be readily 
proved by introducing into a culture medium a fragment of muscle 
from under the skin of the tinnk from which the rigor has just 
gone and which is already faintly alkaline and as a test experiment 
a Bimilai fragmont from nnder the pentoneum from a point as neaily 
as possible opposite wheie the first was taken In the hitter case 
bacteria rapidly appeal, while no bacteiia (if all the necessary condi¬ 
tions havo been obseived) will appear in the formei By a senes of 
experiments I have proved that while weak solutions ot liydroohloiio 
and sulphuric acids are incapable of pierentmg the putrefaction of 
fish, they have the power of ai resting or at least greatly refolding the 
development of ordinary bacteria Seeing that the alkaline wave 
radiates from around the body cavity in advance of the bacteria, it is 
extiemely likely that the one results from the presence of the other 
In tact we may, until further expei iments have beon made, suppose 
that ngor disappears in the presence of a species of fermentation, 
that the bacteria which 1 each the tisanes from the body cavity manu¬ 
facture ferment like substances, which as they diffuse through the 
muscles drive the rigor before them, adapting the tissues on the 
way for the suitable reoeption and nourishment of a crop of putre¬ 
factive bacteria in much tho same way as the husbandman breaks up 
and otherwise prepares the soil before sowing his oom In all pro¬ 
bability the duration of the ngor partly depends on the readiness 
with whioh the tissues can be made alkaline, and partly on the 
amount of mechanical obstruction the bacteria have to overcome in 
the muscular fibres It is well known that gelatine and other 
oulture-media, when slightly acid, or when too much dried, are 
rendered for a time altogether unsuitable for the cultivation of 
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certain bacteria. In the game way tho muscles of oortain fish, either 
because of their peculiar chemical composition, or because of tho 
pecnliar disposition and strnctare of the tissues composing them, lend 
themselves less readily thaD the muscles of others to the invasion of 
the putrefactive organisms. It is well known that at even compara¬ 
tively low temperatures fish rapidly putrefy when tho atmosphere is 
loaded with moisture, and that when the atmosphere is dry even at 
fairly high temperatures putrefaction is comparatively slow, and as 
dried gelatine is protected from the attacks of most organisms, by 
diying fish putrefaction is arrested generally in ratio to the complete¬ 
ness of the desiccation. 

It is scarcely necessary to point out the practical bearing of this 
inquiry. 

In fish putrefaction, when it onco sets in, proceeds much more 
rapidly than in other vertebrates. This being the case, fish should 
be used as soon as possible after the rigor disappears. Inspectors 
of fish markets and fish doalers have various empirical tests by which 
they believe they are able to determine whether fish arc or me not fit 
for food. They especially trust to the colour of the gills, the firmness 
and oolonr of the muscles, and tho nature of tho odour. As a matter 
of fact, it is often almost impossible to say whether a fish is or is not 
fresh after the rigor has disappeared. There iH often n pause in the 
putrefactive process (caused probably by the first crop of bacteria 
being destroyed by their own byo-products). For tins reason it is 
desirable fish should be used as soon as possible after the rigor has 
vanished, and that fish, intended for preservation (it matters little 
how), should be treated, if possible, while tho rigor lasts 

I have made numerous experiments with ice for preserving fish. 
It is generally alleged that fish which have been preserved for some 
time in a frozen state have lost much of their flavour. This I find 
depends partly on when tho freezing is effoctod and partly on the 
temperature maintained. Fish which arc frozen after tho rigor has 
gone have either very little flavour or they are tainted with offensive 
septic products. But fish which havo been frozen before rigor Bets in 
(which have probably never stiffened) are equally without flavour, and 
they rapidly soften and disintegrate when raised to ordinary tempera¬ 
tures. On the other hand, fish which are frozen immediately after 
the rigor sets in remain almost unaltered, and when oooked can 
scarcely be distinguished from fresh fish unless the temperature ha# 
been unnecessarily low. Tho most porfoct results were obtained by 
keeping fish (both salt and fresh water) at a temperature varying 
from —1° to —2® 0. Haddocks which were pithed and gutted and 
pr e s er v e d in water-tight insulated chambers at a temperature of — 2° 0. 
for three weeks oontmued rigid from first to last, and when oooked 
were firmer and better flavoured than ungutted fish only ten hours out 
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of the water. For some reason not easily understood, the fish preserved 
in water at —1* 0. were firmer and better in every way than fish at 
the same temperature in boxes from which the water escaped as the 
ice melted. Fish intended for drying and pickling, i.e , for preserving 
for a long period, should also be treated before or as soon as possible 
after the rigor goes. When a fish has once begun to disintegrate it 
is impossible to restore the original freshness, and unless all the 
flavours are destroyed during the preserving process the results of 
previous decomposition can easily be detected. Some fish, as carers 
well know, are incapablo of being preserved even with salt, e.g., fish 
whioh have died straggling in the water entangled in gill nets are 
difficult to preserve, because under these conditions, as experiments 
prove (probably in consequence of the acid reaction thus determined), 
no distinct rigor ever sets in—death being at once followed by putre¬ 
factive changes. 

Fish hitherto have usually either been lightly salted and sun-dried, 
or after being saturated with salt pickled in strong brine. A 20 per 
oent. salt solution almost completely alters the tissues. Apparently salt 
owes its preserving power to the fact that it arrests (though it fails 
to destroy) putrefactive organisms by a process of desiooation—ex¬ 
tracting the fluids, without which growth is impossible. 

Unfortunately we are acquainted with extremely few substanoes 
able in small quantities to arrest the growth of bacteria without 
rendering the fish unfit for food. It is extremely desirable to at least 
greatly diminish tho amount of salt required This has recently been 
rendered possible by a process introduced by Mr. Sahlstrom of the 
Normal Company. In this process the fish are introduced into a 
cylinder, and, after all the air has been removed by pumping, pressure 
(5 to 6 atmospheres) is applied to drive the preservative solution 
(which may contain salt alone, or salt along with other preserving 
reagents) into the tissues. I have made an extensive series of ex¬ 
periments by this method, and in all cases when fish m a rigid condition 
were treated, succeeded in arresting putrefactive changes, either per¬ 
manently or for a limited period according to the strength of the 
-solution used. ‘ 

This inquiry throws some light on another question whioh has long 
been discussed, vis., whether line-caught fish are preferable to fish 
taken by the beam trawl. In order finally to settle this question, it is 
only necessary to ascertain whether the rigor disappears quicker in 
the one case than in the other. I have already mentioned that a line- 
caught haddock, whioh has been killed and pithed the moment it leaves 
the water, may at a temperature of 8° C. remain stiff for 30 hours, t.a., 
putrefaction may be retarded from 25—80 hours. On the other hand 
haddocks, captured by a 25-feet beam trawl which had only been two 
hours at work (large trawls are often down for six hours), even when 
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killed end pithed immediately after taken from the net, may pase into 
rigor in 80 minutes and be again quite limp 6 hours after death. 
Sometimes, however, the rigor may not set in for 2 hours after the fish 
are landed, and it may continue for 17 hours, the difference doubtless 
resulting partly from the difference in the time the fish were in the 
trawl net, and partly from the energy expended in attempting to 
eeoape, or in endeavouring to maintain the respiratory movement* 
under somewhat difficult circumstances. It may therefore be affirmed 
that though the rigor may persist as long or nearly as long in some 
trawled fish as in fish caught with a line, in moat cases the rigor 
disappears sooner from trawled than from line-caught fish; in other 
words, putrefaction sets in sooner as a rale in fish taken by the trawl 
than in fish taken by the line, granting, of course, that the line fish 
are pithed and gutted as soon as they leave the water. 

I have, in conclusion, to express my gratitude to Professor Burden 
Sanderson and Mr. Gotch for valuable assistance rendered with the 
experiments made in the Oxford Phyaiologioal Laboratory. I am also 
indebted to Professor Tait for kindly allowing Mr. Lindsay, of the 
Natural Philosophy Laboratory in the University of Edinburgh, to 
assist with the electrical experiments. 1 am further indebted to 
Mr. Clarkson, B.So., of the Natural History Department, Edinburgh, 
and Mr. W. L. Calderwood and Mr. Jamieson, Members of the Staff 
of the Fishery Board for Scotland. 


XXVI. “ Electrochemical Effects oa Magnetising Iron.” By 
Thomas Andrews, F.R.S.E., F.C.S. Communicated by Pro¬ 
fessor G. G. Stokes, P.R.S. Received Jane 2,1887. 

Having for many years past been engaged in researches relating 
to the varions aspects of the corrosion and oxidation of metals, 
nearly two years ago it occurred to me to investigate the probable 
effect of magnetisation on the relative electrochemical position of a 
pair of bright iron bars, one magnotised by a ooil, the other un- 
magnetised, when thus simultaneously exposed in cironit, in a suit¬ 
able apparatus, to the action of various poworful oxidising agents 
and saline solutions. I accordingly specially prepared numerous 
long polished rods of soft wrought scrap iron 0 261 inoh diameter, 
for use in the investigation. I was not able to oommence the pre¬ 
liminary observations until towards the end of 1885, and, after mnch 
consideration and varions trials then made, deoided to adopt the 
following method of experimentation as perhaps calculated to yield 
the most delicate and accurate results; pressure of other work has, 
however, delayed the earlier completion of the work. The general 
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arrangement and methods of experimentation panned are deeonbed 
below, and the apparatus is delineated on fig 1 and fig 2 



Two pieces were adjacently cut from a long finely polished iron 
rod, so that the pieces might as neat as practicable bo of identical 
chemical composition and molecular constitution After being firmly 
placed and adjusted as to equal length, Ac , in the wooden supporting 
frame W, they were immersed to an exactly equal depth m the solu¬ 
tion contained m the U tube, which latter was also rigidly supported 
by a stand In the duplex experiments made with apparatus fig 2, 
the U tube was immersed m a large volume, four pints, of oold water 
to ensure equal temperature conditions during experimentation for the 
respective solutions in each limb, the oold water being maintained in 
steady circulation around the tubes The rods were connected in oircuit 
with a sensitive galvanometei, having a resistance of £21 ohms, and 
of known oalibration, the galvanometer being under oonstant tele- 
goop io observation during the experiments, and the normal galvanic 
action between the two bars previously observed in every experiment 
Considerable care was requisite to obtain this accurately, so as not 
praotaoally to interfere with the subsequent results seemingly doe to 
magnetic mflnenoes A removable ooil C, of stout sillc-oovered copper 
wire (No 16 gauge) mounted on a large wooden bobbin 6 inches long 
euoloeed the limb A of the U tube, or when using apparatus fig 2, 
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the ooil surrounding the upper portion of the long bar requiring 
magnetisation. The ooil need in tbo experiments with apparatus fig. 1 
consisted of Bix depths or wraps of the insulated copper wire, each 
wrap having 81 turns, making in the whole a ooil of 486 convolutions. 
The other coil employed in the experiments with apparatus fig. 2 was 
of similar construction, but had ten depths of insulated oopperwire of 
the same thiokness, constituting a ooil with a total of about 750 con¬ 
volutions. 

A single oell bichromate battery, easily put in or out of operation, 
was attached to the coil, and the battory was recharged with the same 
strength of solution for each observation. After a suitable time had 
been allowed in each experiment for steady galvanic equilibrium to be 
established between the two iron rods, in tho solution in the tubes, 
which took place at periods varying with the nature of the solution, 
the ooil was put into operation. In tho experiments with fig. 2 the 
end of the bar in the solution was the S seeking pole. It was most 
interesting to observe the result. The rod A thus magnetised in most 
of the solutions became the metal positive, the galvanometer indicating 
its steadily increasing electrochemical positive position oompared with 
that of the unmagnetised bar B. Repeated careful experimentation 
appeared to indicate that the increased positivity of the rod A ob¬ 
served under these conditions was due to the increased action of the 
add or saline solution on the iron rod which was under magnetic 
influence, owing to which it became Burroundod by a slightly stronger 
saline solution than the other unmagnotised rod B, which was appa¬ 
rently lees acted upon. In some cases in the more powerfully acid 
solutions, Table A, columns 4, 5, 7, 8, a kind of maximum point 
seemed to be generally reached, and after tho more violent action of 
the acid had expended itself, a reduction of the E.M.F. between the 
rods was generally noticed as the solution in the B-tubo gradually 
approached an equilibrium of composition oompared with the solution 
in the A limb of the U-tnbe, and subsequently a reverse aotioa in 
some oases was observed. The nnmagnetised rod B appeared to be 
less rapidly acted upon than the one under magnetic influence. On 
magnetisation of the bar the above full effect on the galvanometer waa 
not always of an instantaneous character, though a short time only 
appeared requisite for its development Tho solutions employed are 
given in Table A, and the results therein recorded were derived from 
a aeries of constant observations, a comparison in some instances being 
afforded between the respective effects obtained by the two forms of 
apparatus employed. 

It may be noticed that a fresh pair of the iron rods, cut adja¬ 
cently from a long polished rod, were used for each experiment, 

128 pairs were used in course of this part of the investigation, the 
whole of the experiments being many times repeated to ensure 
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accuracy, the results recorded being the average of many observa¬ 
tion*. In some instances somewhat higher results were notioed. 

It is almost impossible to obtain two pieces of iron (even when 
forming adjacent parts of one polished rod) whioh when in eolation 
are devoid of some slight galvanic action between themselves; but 
the greatest care was exeroised in the special preparation of the iron 
used, so that this variation might be reduced to a minimum. 

To ensure success in the experiments it was found essential that the 
iron bars should possess an excellent polished surface, free from mag¬ 
netic or other oxide or impurities; the solutions were bIbo concen¬ 
trated, and both discrimination and manipulative skill were requisite 
in obtaining the practical galvanic equilibrium of the bars at com¬ 
mencement. The time needed to ensure this seemed to vary consider¬ 
ably with different solutions according to circumstances. A sensitive 
galvanomotor was also a requisite of success in these observations, 
and telescopic readings wore necessary, as in some cases tho effects 
were small 

It seems desirable here to add a few remarks on the possible 
influence of temperature on the reactions, and to state the means 
used in the endeavour to minimise errors from this source. In con¬ 
ducting the experiments, I should have preferred using greater 
battery power, but employod only one bichromate cell; the wire of 
the ooil was also of considerable thickness to prevent nndue heating 
from resistance. The centre of tho wooden ooil bobbin was also about 
inch in thickness, so as to act as a central non-oondnotor. More¬ 
over, an air space was allowed of £ inch between the wooden centre 
of the coil and the enclosed limb of the U-tnbe. Tho other limb for 
the nnmsgnetised bar was enclosed by another ooil, whioh, when not 
in use, acted as an external protective jacket. Notwithstanding these 
precautions, there was a slight increase of temperature in the interior 
of the ooil C. Thermometers inserted in test solutions, one in eaoh 
limb, gave an average difference of about 1° Fahrenheit at the end of 
an hour, this increase of temperature in the solution in the ooil tnbe 
being, however, very gradual. It would be untenable to state that 
this difference of temperature, arising from the action of tho ooil, did 
not to some slight extent influence the results of the experiments 
with apparatus fig. 1; but the results obtained therewith could 
oertainly not be regarded as duo only to differences of temperature 
conditions between the two tubes. Most of the experiments with 
that apparatus afford within themselves evident proof to the con¬ 
trary ; thus, it will be seen, that the magnetised bar assumed a pro¬ 
minent positive position almost immediately after magnetisation, in 
the oase of nitrio add, before any perceptible difference of tempe¬ 
rature could obtain between the respective tubes (see Table A, 
columns 6 and 7). 
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Moreover, the exceptional negative position of the magnetised her 
under the lame temperature conditions, in the case of anlphnno acid, 
affords evidence that the effect was not due to these temperature 
causes To more clearly demount!ate however, that the results were 
mainly due to the influence of magnotisatic n, and acting on the kind 
suggestion t>f Professor G G fetokes it was decided to make a duplex 
senes of observations I aoi ordingly devised the modified form of 
apparatus fig 2, which was intended to eliminate possible sources of 
error from temperature difference, by keeping the U tube surrounded 
by a large volume of cold water doling the expenments the solution 
in the respective tubes being thus maintained under equal conditions 
In oompanng the results obtained with the two forms of apparatus, 
it should bo borne in mind that when using the apparatus fig 2 the 
cold water surrounding the U tube would have a tendency to retard 
the increase of the temporatnre of the solutiors naturally arising 
from ohemioal combination Further the coil in fig 2 being at one 
end of the long bar would he calculated to modify tho magnetisation 
of the othor end of the metal m the solution, compared with its 
aotion in fig l, whore the coil almost entirely surrounded the bar 
hense nr fig 2, the cod was made somewhat larger to overcome this 
to some extent, and the end of the bar B was shortened in expe 
nments with fig 2, so that this bar would bo less liable to bo affeotod 
magnetically by the external influence if the larger coil I hope that 
the confirmatory results obtained in the two sets of observations may 
bo oonmdered as fairly Batisfact uy 


Wtt an 



464 Mr. T. Andrews. [Jane 16, 


Table A. 






465 


H8T.] Electrochemical Effects on Magnetising Iron. 

Table A— continued. 



E.M.F. in volt, and rlectroohemlcal position of magnetised 
bar compared with the unmagnetised bar, the positive or 
negative position of the former being respectively indicated 
by the signs + and —. 

Tima from 
commencement 
and duration 
of magnotisation 
in minutes. 

Column 4. 


Column 6 


Column 6. 

Potassium 

bi-ohromate 

acid. 

Ferric chloride and 
nitric acid. 

Milne oeid, sp gr. 1888, 
one part, and three 
porta water. 


II. 



II 

1 


II. 

hrs. mini 

o o 

0 000 

0 000 

0 000 

0 000 

0 000 

O 1 




-0 Oi '4 

+ 0 020 

+ 0 004 

0 * 

+ 0 009 



+ 0 002 

. 



0 2\ 

+ 0 005 



+ 0 002 

+ 0 020 

+ 0 006 

0 3 

0 4 

+ 0 009 
+ 0 010 



+ 0 011 
+ 0 013 

+0 080 
+ 0 010 

+ 0-007 
+ 0 C09 

0 6 

O 0 

+ 0 007 



+ 0 013 
+ 0 020 

+ 0 014 

+ 0-009 

0 7 




+ 0 016 

• 



0 7* 




+ 0 000 

+ 0 011 

+0 011 

0 8 




+ 0 022 

. 



O 9 




+ 0 08* 

. 


+ 0-011 

0 JO 

+ 0 000 



+ 0-011 

+ 0 008 

+ 0 011 

0 U 




+ 0 014 




o 18 




+ 0-011 




o m 

0 18 

0 14 

+ 0-009 



+ 0009 



+ 0-010 

0 15 

0 1A 

+ 0 004 



+ 0-002 

+ 0 009 

+ 0 006 

0 17 

0 17* 

0 19 

0 20 

+0-007 

+ 0 

009 

+ 0009 

+ 0 007 

+ o’007 

+ 0-006 

0 22* 





■ 



0 £6 

, +0-005 

+ 0 018 

+ 0 004 

+ 0 001 

+ 0 008 

0 30 

+ 0-008 

+ 0-038 

+ 0 008 

+ 0 001 

+ 0 004 

0 85 

+ 0 001 

+ 0 038 

+ 0 008 

+ 0-011 

+ 0-006 

0 40 

+ 0 004 

+ 0 023 

+ 0008 

+ 0 018 

+ 0-004 

0 45 

+ 0-001 

+ 0 008 


+ 0-018 

♦ 0-004 

0 50 

+ 0-008 

+ 0 00* 


+ 0-009 

+ 0-006 

0 55 


+ 0 006 


+ 0 012 

+ 0-007 

1 9 

+ 0-000 

+ 0 006 

+ 0-001 

+ 0 013 

+0-007 

1 5 

1 16 

1 80 

1 46 

a o 

a so 

a o 

* 15 


+o'oo7 






2 L 2 
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The records in the above table under divisions I were experiments 
made with apparatus, fig. 1, the records entered under divisions II, 
relate to observations made with apparatus, fig. 2. 

The reoords of the effects in the stronger solutions do not indioate 
the full extent of the electric action compared with that of the weaker 
solutions; because in the former case the tubes could only be par* 
tially filled, so as to prevent boiling over. 

General Remarks. 

Potauiwn Chlorate and Nitric Acid Solution!, Column! 1 and 2.— 
At the termination of some of these experiments, the depth of colour 
of the solution surrounding the magnetised iron was perceptibly of a 
darker shade than the colour in the tnbo surrounding the un- 
magnetised bar, this was confirmed by Eggertz’s carbon coloration 
teat. 

Ferric Chloride and Nitric Acid, Column 5.—At forty minuteB from 
the commencement of one experiment in apparatus fig. 1, the record 
was an E.M.F. of 0-023 volt, the magnetised bar being positive; the 
battery was tben attached to a smaller coil surrounding the other 
bar B, which was then magnetised instead of the bar A, and in 
course of five minntes a reduction in the positive’position of bar A 
to an extent of 0 021 volt ocourred. At forty-five minntee the 
battery was reconnected to the coil surrounding the bar A, producing 
a steady increase of positive position in that bar as recorded in 
Table A, oolumn 5. 

Aqua Regia, undiluted .—With this reagent in fig 1 no very 
decided galvanic reaction took place nntil the bar had remained 
magnetised for some ten minutes, when violent effervescence occurred 
accompanied by evolution of dense reddish-brown fames, the magne¬ 
tised bar then becoming rapidly electropositive to an extent yielding 
an E.M.F. of about 0110 volt This position was subsequently more 
or less maintained for some ten minutes, the galvanometer, however, 
gradually falling to sero as the ebullition in both tnbes subsided. 
This was a difficult experiment to make, owing to the very violent 
effervescence. 

Aqua Regia, diluted. Column 8.—Up to the commencement of the 
effsrvesoenoe no perceptible difference in the colour of the solution 
in the respective limbs of the U-tube was noticed ; but immediately 
on the violent ebullition ooourring, which took place generally about 
tea minutes from commencement, the solution surrounding the mage- 
tited bar frequently became of a very much darker tint. This 
marked difference between the oolour of the respective solutions in 
the two tnbes was maintained for some time, afterwards the two 
Solutions became apparently nearly chromatically equal. The electro- 
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chemical effect appeared to be leu marked when using aqua regia 
containing excess of HC1. The relative electrochemical position of 
the two bars in such case being less divergent, the HC1 appearing 
to act somewhat as a strong diluent. 

Hydrochloric Acini and Sulphuric Acid, Column* 9 and 10.—Singular 
to say, the previously described magnetochemical offects were com¬ 
paratively small when usiug such a powerful reagent as hydrochloric 
acid alone, either concentrated (sp. gr. 110) or diluted. When this 
acid was employed in conjunction with concentrated solution of 
potassium chlorate (Table A, column 3), the effects there recorded 
appeared due rather to the oxidising agency of the evolved chloric 
compounds; in the presence of magnotism, the reactions with this 
electrolyte were occasionally irregular, the excess of HC1 appearing 
sometimes to interfere Sulphuric acid, cone., also soemed to behave 
abnormally, though this acid does not ordinarily act strongly on iron. 
The experiments with both the above acids in course of a large 
number of observations, proved exceptions to the general rule. The 
magnetised bar in the sulphuric acid, cone., and also in the hydro¬ 
chloric acid, diluted, became the electronegative metal, not only in 
the case of H.SO,, when using the apparatus fig, 1, but also when 
experimenting with the modified form, fig. 2. Occasionally, with 
sulphuric acid, cone., the magnetised bar was, on first magnetising it, 
slightly electropositive for a few minutes only; but afterwards 
became steadily negativo. 

Under the conditions of experimentation, the magnotiaed bars in 
the powerful oxidising reagents used almost invariably assumed the 
electropositive position, the presence of H-NO, appearing essential 
to the full dovolopmeut of the positive position of the bar under the 
influence of magnetism. On the contrary, the magnotiaed be* 
seemed to be the electronegative metal in H,S0 4 , cone., and also in 
the HCl (dilated), as electrolytes. The two latter reagents by their 
action on the metal generate gases of a reducing character. These 
exceptions are not, howover, averse to the principle that magnetisa¬ 
tion exerts an influence on the relative electrochemical position of a 
pair of iron bars, varying according to the nature of the solution and 
the extent to which one of them is magnetised. In the above excep¬ 
tions, it is possible that the magnetised bar assumed the negative 
position consequent on its being the one more attacked, under 
magnetic influences, by the reagent; tbus producing a greater evolu¬ 
tion of reducing gases in the tube A containing the magnetised bar 
than in the other tube; this may perhaps explain the negative effect. 
The observations of this memoir therefore indicate that, under the 
powerful and rapidly oxidising conditions described, a magnetised 
bar becomes metal positive to an unmagnetised one, whereas in the 
exceptional instances above alluded to, the electronegative effect 
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oocurs, possibly owing to the presence in the solution of Bach redaoing 
Agents as nascent hydrogen, dso. 

In the present incomplete stage of the enquiry these remarks are 
only offered tentatively. 

The effects oonld not be expected to be largo; I anticipate, however, 
generally more marked resells in a more powerful magnetic field, 
exerting its influence, perhaps, for longur periods; but I think the 
experiments now submitted appear sufficient at least to afford an 
indication that, under the conditions rooorded, magnetisation exerts 
on iron, in some solutions, an appreciable effect. The results 
already obtained in this direction are so far interesting as to 
encourage furthor research into the nature of this novel and subtle 
phenomenon. 


XXVIL "Note on the Functions of the Sinuses of Valsalva and 
Auricular Appendices, with some Remarks on the Mechanism 
of the Heart and Pulse." By M. Collier. Communicated 
by Victor Horsley, F.R.S., Professor Superintendent of 
the Brown Institution. Received June 9, 1887. 

(Abstract.) 

The object of the paper is to disprove tho present apparently 
accepted idea, that the sinuses of Valsalva are more bulging* of the 
arterial walls, formed by a reflex current induced by the sudden 
closure of the semilunar valves. 

The existence of a reflex current is shown to be impossible, and the 
theory of tho sudden opening and cloBnre of tho semilunar valves is 
strongly opposed. 

The presence of the sinuses of Valsalva is urged as an absolute 
essential to the mechanism of the heart's action. The paper then 
treats of the aotion of the auricle and the part played by the auricular 
appendix, the latter being considered as the only part of the auricle 
that sensibly and vigorously contracts. 

The causes of tho first sound of the heart are next alluded to, and 
the theory that the closure and vibration of the incaspid and mitral 
valves assist in its production is refuted. The action of the ventricle 
and the mode of the injection of its contends into the aorta is dwelt 
upon at some length. 

The latter part of the paper is devoted to the mechanitm of the 
pulse, and an explanation is given of the so-called diorotism. 

The paper terminates with a summary of the chief points of the 
conclusions arrived at. 
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XXVIII. “On Hamilton’s Numbers.” By J. J. Sylvester, 
F.R.S., Savilian Professor of Geometry in tho University of 
Oxford, and James Hammond, M.A. Cant Received June 11, 
1887. 

(Abstract) 

In the year 1786 Erland Samuel Bring, Professor at the University 
of Land in Sweden, discovered that by the method of Tsohirnhausen 
it was possible to deprive the general algebraical equation of the 6th 
degree of three of ite terms without solving an equation higher than 
the 3rd degree. By a well understood, however singular, academical 
fiction, this discovery was imputed by him to ono of his own pupils, 
one Sven Gustaf Sommelius, and embodied in a thesis humbly sub¬ 
mitted to himself for approval by that pupil, as a preliminary to his 
obtaining his degreo of Doctor of Philosophy in the University.* It 
seems to have been overlooked or forgotten, and was subsequently 
re-discovered many years later by Mr. Jerrard. In a report contained 
in the ‘ Proceedings of the British Association ’ for 1836, Sir William 
Hamilton showed that Mr. Jerrard was mistaken in supposing that 
the method was adequate to taking away more than three terms of the 
equation of the 5th degree, but supplemented this somewhat unneces¬ 
sary refutation by a profound and original discussion of a question 
raised by Mr. Jerrard, as to the number of variables required in 
order that any system of equations of given degrees in* those variables 
shall admit of being satisfied without solving any equation of a 
degree higher than the highest of the given degrees. 

In the year 1886 the senior author of this memoir showed in a 
paper in Kroneoker’s (better known as Crolle’s) ‘Journal* that 
the trinomial equation of the 6th degree, upon whioh by Brjuag’s 
method the goneral equation of that degree can be made to depend, has 
necessarily imaginary coefficients except in the case where four of the 
roots of the original equation are imaginary, and also pointed out a 
method of obtaining tho absolute minimum degree M of an equation 
from whioh any given number of specified terms can be taken away 
subject to the condition of not having to solve any equation of a 

• Bring** Reduction of the Q.uintlo Equation wsi republished by Mr. Robert 
Harley, F.R.8 , in the 1 Quarterly Journal of Pure and Applied Mathematics,’ voL 6, 
1804, p. 45. The full title of the Lund Thetis, ss given by Mr. Harley (see 
‘ Quart. Journ Math.,’ pp. 44, 46) is as follows: 11 B. cum D. Meletemata qoaedam 
mathematics circa transformationsm aequationum algebraicarum, quae eonsent. 
Ampliss. Faoult. Philos in Regia Academia Carolina Praetide D. Eriaad 8am 
Bring, Hist Profess. Reg. A Ord. publico Erudttonun Bxamini modest* sobjlett 
Sven Ousts! Sommelius, Stipendiarius Regius A Pslmerenttiamu Lundensis. 
Die xiv Decemb, mooclxxxvi, L.H Q.S.—Lundae, typis Berlinguuiis.” 
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degree higher than M. The numbers furnished by Hamilton’s 
method, it is to be observed, are not minima unless a more stringent 
condition than this is substituted, vis., that the system of equations 
which have to be resolved in order to take away the proposed 
terms shall be the simplest possible, i.e, of the lowest possible 
weight and not merely of the lowest order; in the memoir in 
‘Crelle’ above referred to, he has explained in what sense the 
words weight and order are here employed. He has given the name 
of Hamilton’s Numbers to these relative minima (minima, »'.e., in 
regard to weight), for the case where the terms to be taken away 
from the equation occupy consecutive places in it, beginning with the 
second. 

Mr. James Hammond has quite recently discovered by the method 
of generating functions a very simple formnla of redaction, or scale 
of relation, whereby any one of these numbers may be expressed in 
terms of those that preoede it: his investigation, which constitutes 
its most valuable portion, will be foand in the second section’of this 
paper. The principal results obtained by its senior author conse¬ 
quential in great measure to Mr. Hammond’s remarkable and unex¬ 
pected discovery, refer to the proof of a theorem left nndemonstrated 
in the memoir in 1 Crelle ’ above referred to, and the establishment of 
certain other asymptotio laws to whioh Hamilton’s Numbers and 
their differences are subject, by a mixed kind of reasoning, in the 
main apodictic, but in part also founded on observation. It thus 
became necessary to calculate out the 10th Hamiltonian Number, 
Which contains 43 places of figures. The highest number calculated 
by Hamilton (the Bthl was the number 323, whioh comes third in 
order after 5 (the Bring number), 11 and 47 being the two intervening 
numbers. It is to be hoped that some one will be found willing to 
undertake the labour (considerable hut not overwhelming) of calou- 
lating some further numbers in the scale, m order to.establish or 
disprove conclusively the presumptive law of the asymptotic branch 
of the series connecting any two consecutive semi-differences i)„ ij» +l of 
the Hamiltonian Numbers, vis. 

>J#+i - v! = 

The theory has been “ a plant of slow growth " The Lund Thesis 
of December, 1786 (a matter of a couple of pages), Hamilton’s 
Report of 1836, with the tract of Mr. Jerr&rd therein referred to, and 
the memoir in 1 Crelle ’ of Deoember, 1886, constitute as far as the 
•enior author of this paper is aware, the oomplete bibliography of the 
•object up to the present date. 
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XXIX. “ On the Induction of the Explosive Wave and an 
Altered Gaseous Condition in an Explosive Gaseous Mixture 
by a Vibratory Movement” By Lewis T. Wright. Com¬ 
municated by Professor (Idling, F R.8. Received June 18, 
1887. 

(Abstract.) 

The author refers to the conclusions of Berthelot and Vieille that 
the phenomenon of the explosive wave iB quite distinct from that of 
ordinary combustion, each being marked by well-defined limits called 
by them the regime of detonation and combustion respectively. The 
transition from the one to the other is accompanied by violent vibra¬ 
tory movements. 

Mallard and Le Chatolier separate the combustion of an explosive 
mixture inflamed at the open end of a tube, closed at the other, into 
four different and succeeding phases— 

(1.) Uniform propagation of flame ; 

(2.) A vibratory movement; followed in some cases by 
(3.) The explosive wavo of Berthelot and Vieillo. 

(4.) Spontaneous extinction of flame. 

The author has specially studied the connexion betwoen the vibrating 
stage and the explosive wave with a certain mixture of ooal gas and 
air (in large glass tubes) which sharply exhibits the various features 
of the four stages described by Mallard and Le Chatelier. 

The points determined wore these, that the detonating stage (explo¬ 
sive wave) is never initiated without preceding vibratory movements 
on the part of the flames. 

That with the samo mixture the vibrating period is of definite 
duration culminating in the explosive wave stage. 

The necessary connexion between the two stages being proved, the 
author investigated the question whether the explosive wave condition 
is communicated layer by layer by the contact of the flame itself, or 
whether the whole column of unignited gas in the tube adjacent or 
distant from the flame is “ induced ” by the vibrating flame into a 
more receptive condition which enables the chemical reaction between 
the molecules to proceed at a more rapid rate than usual. 

The phenomena exhibited by the flame suggest this latter explana¬ 
tion, and the author by the application of a weak spark test has been 
enabled to prove that the whole column of gas, either adjaoent or dis¬ 
tant from the vibrating flame, is in an altered condition after being 
submitted to but a portion of the vibratory action wbioh normally 
initiates the explosive wave. 
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An electric (park of low tension not oapable of igniting the unin- 
dnoed explosive mixture invariably does so, after the vibrating has 
been set np. 

It is suggested that the tremor sent through the unignited gas 
Synchronised some of the molecular vibrations, so that the molecules 
capable of reaoting perform their trauslatory movements in some 
measure together, and that when a focus of inflammation is present 
more reacting molecules come into the sphere of inflammation in a 
given time, and therefore the rate of inflammation is more rapid. 


XXX. “ Note on Communication entitled * Preliminary Note on 
a BalanogloasnH Larva from the Bahamas * (‘ Roy. Soo. Proo.,’ 
voL 42, p. HG).” By W. F. R. Weldon, M.A. Communi¬ 
cated by Professor M. Foster, Sec.R.S. Receivod June 16, 
1837. 

In a paper, communicated to tho Royal Society in March last, I 
described a series of Balanoglosaus lame, found by mo in tho Bahama 
Islands. The series extended from a larva with one pair of gill-slits 
to a form resembling in many ways a normal Tornaria; bat the dif¬ 
ferences between this larva and tho normal European form were so 
great as to induce mo to believe that a process ot degeneration was 
going on, and that the Toriiaria-like creature was the oldest, not the 
youngest, of the senes. 

On seeing ray paper, Professor Spengel, whose researches on 
Balanoglosaus are well known, wrote to me, informing me that I was 
altogether mistaken in my interpretation of the larvae whioh I had 
found, and that my senes belongod in fact to the normal order of 
development. 

By the ooortesy of Dr. Spengel I have been enabled to inspect his 
magnificent series of preparations, illustrating the whole life-history 
of Balanoglosaus, and so to become convinced of tbe troth of his 
statement; I now, therefore, take the earliest opportunity of with¬ 
drawing my previous statement, and desire to express my regret at 
hawing placed snob an erroneous doctrine on record in the * Pro¬ 
ceedings ’ of the Society. 

I beg also to th&uk Dr. Spengel most sinoerely for his kindness to 
gte in this matter. 
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XXXI. u Note on the Anatomy of Asiatio Cholera as exemplified 
in Cases occurring in Italy in 1886.” By Charles S. 
Sherrington, M.B., M.A. Commuuicated by Professor M., 
Foster, Soc. R.S. Received June 16, 1887. 

Last summer when oholora again appeared in Italy I determined to 
seise the opportunity that seemed to offer itself for re-examining the 
disease, especially with regard to some questions raised by the work 
of the previous year. 

Although, on grounds which I have already detailed in a letter to 
the Secretary of the Society, Professor Michael Foster, the conditions 
imposed by the state of the oonntry quite precluded the oarrying out 
there and then of trustworthy experiments with the living contents 
of the dejecta and of the viscera of the cholera patients, still it was 
possible to collect a satisfactory amount of anatomioal material. The 
results in this direction of an expedition, a part of the expenses of 
which were generously borne by the Society, were promised to the 
Society in the letter above alluded to. The investigation of the 
material has now been completed, and may briefly be stated as 
follows:— 

The material collected consists in all of specimens and preparations 
made from twenty-flvo fatal oases. Of these cases twenty-two were 
indubitable examples of rapidly fatal cholera asiatica. These were 
obtained exclusively out of tho Provinoe of Puglia. The remaining 
three cases were from Venetia, and were in the opinion of myself and 
Dr. Rouse, who in Venetia assisted me, not examples of true cholera. 
At each autopsy the specimens taken for preservation and subsequent 
detailed microsoopical investigation were portions of the stomach and 
intestinal canal at various points, of the thoracic and abdominal 
organs, and of tho mosonterie glands. From the contents of the 
stomach and intestine preparations for the microscope were made at 
the same time by the Ehrlich-Kooh method. From the vomit and 
dejecta of six moribnnd patients cover-glass preparations were also 
made in the same manner. With regard to the hardening of the 
tissues for microscopical examination, the portions of the tisane 
preserved were at the autopsy carefully placed separately into spdbi- 
men glasses containing absolute alcohol, and the aloohol waa at the 
end of aix hours renewed, the specimen being at the same time quickly 
out into pieces never more than 3 mm. thiok. The aloohol was then 
changed at the end of twelve hours, and again at the end of twenty- 
four, then not again for a week, 

The miorosoopioal investigation has been carried on in the labora¬ 
tory of Professor Virohow at Berlin; in his debt I stand for mnoli 
kindness and liberality. 
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One of the main object* of the renewed inquiry waa to adfc it ain 
the pretence in, or the absence from, the anatomy of cases of cholera 
from another epidemic than the Spanish of certain applbrancea that 
the microscopical preparations from the Spanish epidemio of 1885 had 
p res ented. The appearances referred to were described in a Report 
made to the Society m June of last year, and printed in the Proceed¬ 
ings ef the Society for that year, so that it is unnecessary for me to 
repeat them here. The more so since in this year’s work I have com¬ 
pletely failed after minute, long and repeat^ search, with the use of 
good lenses (new apoohromatio system of Zeiss), and after employ¬ 
ment of various methods of staining including that by which the 
Spanish preparations were coloured, to find any trace of the above- 
mentioned appearances in any of the material obtained in Italy. 
Neither in the specimens of tbe tissues nor of the intestinal fluid 
post mortem, nor of the vomit or dejecta dnring life is any trace of 
them to he fonnd. Any view that suggested itself of a causal con. 
flexion of them with oholera must therefore meet the difficulty that 
they form no constant anatomical feature of the disease. 

With regard to the presence of comma-shaped bacilli in my 
material, such forms have been fonnd in altogether thirteen of the 
oases from Puglia, although always with difficulty, and seven times 
only after extremely patient and rigorous search. The method fonnd 
most satisfactory for their detection has been that of LoflW with a 
methylene-blue solution made according to the receipt given by him. 
The chief difficulties of the investigation have lain in the facta, that 
the comma-bacilli are among the bacilli which are earliest decolorised 
by the solutions for removing the excess of stain, that the morpho¬ 
logical characters of the comma-bacilli are not so distinctive aa to 
make their recognition from bacilli of some other species always 
certain, and that in none of my specimens have I fonnd them free 
from admixture with other micro-organisms, and in none in very great 
abundance. Having only the morphological characters of the bacilli 
for criterion, I have compared them always with specimens from pare 
cultivations of Koch’s comma-bacillus freshly prepared for tbe purpose, 
and I have only accepted them as such when they have agreed with 
the latter standard form. 

Of the cases in which the comma-bacilli have been fonnd, in three 
they may be called “ fairly numerous,” in five " sparse,” and in'five 
" very scanty.” The bacilli have never been fonnd in any other sitae* 
tipn than in the wall of the alimentary canal, and in the wall only in 
tbe most superficial portion of the tissue, in the muoosa. 

The three cases in whioh they are fairly numerous are characterised 
cUaieally by the fatal ending having supervened without any stage of 
fobrile motion, and anatomically by the changes in the wall of the 
iatssttne being oonfined to partial denudation from epithelium of the 
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villi, specially, to the presence of an excessive number of Ieuooeytee 
in the meshes of the mueosa and submuoosa, and to evident engorge- 
ment of the fiortal venules. The oomraa-shaped bacilli lie in the fundi 
of the tubular glands of, especially, the ileum, and in the tissue in 
vrhieh those glands are imbodded in the immediate vicinity of the 
glands. Their distribution is not uniform, but is patchy. They oocnr 
with various other forms of bacteria in the same situation. Generally 
of these other forms some have penetrated more deeply into the tissue 
than have the comma-bacilli; especially is this true of certain fine, 
straight bacilli resembling morphologically the bacterium ooli oom- 
mune of Escherioh. 

In the other cases in which comma-bacilli are found, the eigne of 
acute severe inflammation are more obvious, many of the denuded 
villi are in part necrotic. Shallow sloughs occupy the surface of the 
mucous membrane, together with small extravasations and patches of 
“ coagulation-necrosis.” Here the comma-shaped bacilli are within 
the muoosa, and with them occur a multitude of mioroooooi and 
bacilli of various shape and gise Although in two of these oases 
bacilli are to be seen in the distended vennles, I have in no instance 
found comma-bacilli within any blood-vessel. 

Of those oases in which comma-bacilli have not been found, the 
impression left upon me is that in some of them it is possible that 
still further examination of a still more extended series of prepara¬ 
tions from them might have revealed comma-bacilli in the wall of the 
intestine in some of them. They are all cases that, although of 
rapidly fatal issue, had passed into a stage of febrile reaction. 

In them often the surface of the ileum and large intestine wae 
thiokly set with little patches of superficial sloughing, and micro¬ 
scopical preparations made through these areas forcibly recall prepara¬ 
tions of a mucous membrane diphthentically inflamed. The attached 
face of the slough is occupied frequently by an almost continuous 
sheet of bacteria, and bacteria infiltrate the inflamed submnooea, and 
often the superficial regions of the mosoalaris. In three of these 
oases micro-organisms are present in the blood-vessels, more especially 
numerously in the venules of the portal system. 

With regard to the preparations made from freshly evacuated 
dejecta and vomit frrfrn living cases, the six oases examined reveal 
oomfna-bacilli in the stools in five. There is oo evidenoe of blood la 
these five stools, bat blood is mixed with the intestinal fluid in the 
ease in which no comma-bacilli are seen. The vomit also in three of 
the oases shows a small number of oomma-baoilli. In none of the 
preparations do the oomma-bacilli make up more than a small fraction 
of all the bacterial forms present. 

With regard to the statement by Cohnheim thst the shedding of 
the intestinal epithelium is purely and merely a prooees setting in 
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pact mortem, this, which hu always been denied by Yirohotr and 
others, is negatived by the occurrence in the stools here examined of 
an abundance of epithelial cells, often very slightly differing in 
appearance from the noijaal. Occasionally they are ooherent as 
groape of four and five,' there are, however, no finger-shaped casts of 
complete villi. 

The oases of a doubtful nature from Venetia have not disclosed 
any comma-bacilli under microscopical examination. In one of them 
the ulcers present in the ileum, which to tho naked eye resembled 
thorn of enteric fever, pass deoply into the thickness of the muscular 
ooat of the intestine, a condition to which I have only once seen any 
close approach in Asiatic cholera. 


XXXII. “ On certain Definite Integrals. No. 15.” By W. H. L. 
Russell, F.R.S. Received June 16, 1887. 

Mr. Fox Talbot’s researches on the comparison of transoendenta 
are well known. The following are founded on the same principle, 
applied in a different manner:— 

Let— 

*!** + 6 ^® + <>!** = «|, 

°s ^+b 9 y > +e^fl = 6s, 

be two equations connecting the variablA x, y, and z. Then we can 
find a and y in terms of z, x and z in terms of y, y and s in terms of 
(*). Or if— 


bfy-cj, - A lt 

also 

CjOj-OjCj ass Bj, 

<hbt-h<h = C i; 


= B a< 

II 

f 

$ 


we shall have as — -^jjyv^Bg+Ai**), 
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■ = 


^(^ 1 ) 


Ws+lfc* 8 ), 


-ry(B,-O l( r»). 


Now, since 


J<£» . ey+ j"<fy mt+^d* my ar wyt, 
wrf dxM C, + B^) y(B,- C,**) 
+ d» ^(A,+ C X X>) y(C t -Aa*) 

+(A 1 Bi)'p da y(B g +AX) ViK-V,*') 


= (A 1 B 1 C 1 ) , (V»»'»- x iMi* , i). 

where the limits X 1 X 1 pi**s*'i , 's must satisfy the equations— 
“lV+VZ+Vi 1 = e v 

«iV+Vs*+«»•'»' = e *< 
o s V + Vi' , + c s , 's* = e v 
o,X t « , + Vs , + e«»'8* = «si 

from which it appears that one pair of limits may be considered arbi¬ 
trary, while the other two pairs are given by these equations. 

Sinoo— 

f*j da 

• A|, J^4/(C. + Bi^)^B,-Cie>) 

„ ,fsi da 

+ J # /V(A t + 0 1 «»)y( 0 l -A l a*) 

“ Vi^-Vs r s. 

the limits being determined as before; and since— 
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(Vi* |Wy faxii _ x 

)y» Jy s * J " y*’ 

f y(C t -A,x*) (•■’.«& ^(B s +A,^) 

J*? J'(A,+ C,**; + J, t X* 

_ A ,f A >__ = 




y* 


p. v^C Ag—B, j*> 

IM0 J* v'(C,-A>») + j^ 

1 p‘ ^(C a +B,^)y(B 2 -C^ > _ 

“A'J^ ** /“s's 


Again, since 

Jda y»*S + 5|(ii/y<i*a + 2j2 di = &yV, 

2A 1 *B 1 ^(A),J® da (Ba+A^'CAa-B!**)! 

+5A 1 *C 1 *v / (A l )| da **(Ag + Cg*»)»(Cg-Ai**)» 

-B^Jde (Cg+B^tCBj-C^)* 

= A^B^^^AO (V*V ~Vi V) ■ 

Similarly, since 

J(y+*) <& +j (»+*) dy +J (a+y)* = xy+zs+y*, 
^(BjCoJ ia {^(C, + B,x») - ^(B, - C,a*) } 

+ ^(A,Ci)j dx { yCAg + C^) - ^(C s -A lB ») } 

+ ^(AxB!)j dx {^(Bg+A^-^CAg-Bx**)} 

- ^(AxB.CxliSVi-SAi-i}. 

▼Ofc. uu, 2 II 
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Next suppose that we transform by means of the equations— 
a^ + iiy+ri* = ej, 
ap+btf+c s» = <•* 

and remember that tfo, <f> 2 , <fa being any fnnctions— 

J*» 0,'(a) 0*(y) sV-l-j dy 0, y 0,(*) 0j(») 

+jdi 0, (*) 0i(ai) 0^(y) = 0i* 0sy 0a*, 

then, transforming as before (with similar limits), 



= 0i*i 9Va 0.'.-0 *j 08^2 0i»'>. 

we observe there are three arbitrary functions, whioh can be taken at 
pleasure, and six arbitraiy constants We perceivo therefore that the 
formula is very extensive 

The limits are of course connected by the equations— 

®l*l+&l/*X+<'l*'l — Cj, 

OjXj+ &!>», +Cl V, = <•„ 

« 2*1 +Vl + e 4 *’l = «S< 

0 »** + V*+V* = «S 

Next let ns transform by moans of the equations— 

o^r*—2m*) + ft^y 8 —2my) + e^* 8 —2 m) = e t , 
a,(x*—2m*) + &g(y*—2my) + c,(i*—2 m) =s 
then, proceeding as before,— 
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» = «+ 

Hence we have the sum of the integrals (supposed to be takei 
within the proper limits)— 


j f, + 


Bi 2, A, 
Cl 


%7 

f B_2mC, C/l* 

1 ^“Ai "Ai + A, / ’ 


expressed by elliptic functions 
As a final example take the following — 

Let— a^ + fii^ + Cj** = ej, 

ap* f-ijy'+fjS* = e 8 

Then since 


J dr yj +|dy aw+j th ry 


W, 


2 M 2 
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SW^, 9 ) j dx y(C 1 +B l!e 9 )‘/(B 8 -C 1 r 9 ) 

+ 5J'(A 1 9 C 1 9 ) j dx J'CA^+C^mCj-Aj**) 

-J- '^(BjioA^)J dx ^(B 2 +At**) y (Aj—B^e*) 

If we pat 

| dx yttc+J dy «rw + J d% my ic+Jciw xjx — xyzw 

and transformed by three equations similar mut itu mulandu to those 
we hare have used we should of course obtain the sum of four definite 
integrals 

The limits are omitted m some of these equations but they will be 
easily seen from the foregoing 


\XXIII "A Geometrical Interpretation of the fiist two Penods 
ol Chumcil Elements following Ilydngen showing the 
Relations of the fourteen Elements to each other and to 
Hydrogen by moans of a Right Lino aud Cubic Curve with 
one loal Asymptote By Rev Samuel Haulhion MD, 
F R S Recei\ ed Apnl 30, 1887 

[Publication deferred ] 


\XX1V “On the Foice with which the two Layers of the 
healthy Pleura cohere ’ By Samuel West, M D FRCP 
Communicated by Sn James Paget, Bart, I Rb Re¬ 
ceived May 21, 1887 

[Publication deferred ] 


XXXV “Total Eclipse of the Sun obseived at the Caioline 
Islands on May 6, 1883 By W DK W Abney Capt R E , 
J) R S. Received May 25, 1887 

[Publication deferred I 
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XXXVI “Note on Mr Da\wong Paper on the Stiaming of the 
Eaithg Crust m Cooling” By G H Darwiv, M A I R.S. 
Plumian Piofossor of Astronomy and Experimental Philo¬ 
sophy in the Umvusity of Cambridge Received Juno 15, 
1887 

[To be publuhod m the Philosophical rranuctiuna in conjunction with 

Mr Damon ■ paper ] 

XXXVII “ A fnrtln r minute Analysis, by I h etne Stimnlation 
of the so-callod Motor Region of the Coitex Cc rehn m the 
Monkey ( Vacatm sin ten*) By ( H VRLhS E BFRVOR, M 1) 

and Pioltssoi Victor HoRsitY 1 Itb, BS, FRCS 
Abstract i touted Juno lb, 18H7 

f Publication define 1] 

XXXVIII On the piesont Position of the Question of the 
Souices of the Nitrogen of Vegetation with some new 
Results, and preliminary Nctice of m w Lines ot Investiga¬ 
tion By Sn J B Laui>s Bart, IRS, and I H 
CiILBMir MA, LL D , IRS, Sibthorpnn Professor ot 
Rural I couomy in the Umvcisity of Oxfoid Vbstrar t 
lecuved Juno lb 1887 

[Publication deferred ] 

XXXIX “On Diameters of Plant Guinea * Bv Iohn J 
WaLKFR, M A, F R S Received June lb, 1887 

[Publication deferred ] 

The Society adjourned over the Long Vacation to Thnrsday, 

November 18th 


Presents, June 16, 1887 

Transactions 

Baltimore —Johns Hopkins University Circulars Vol VI 
No o7 4to Baltimore 1887 Studies m Historical and Pohti 
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1 he University 

Berlin —K Preuse Akademie der Wissenschafton Sitsnngs 
benchte Nos 40-53 8vo Berlin 1886 The Academy 
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Bologna — R Accademia delle Scienre dell’ Istituto Memone 
bene 4 Tome VI 4to Bologna 1884 The Academy 
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The Verein 
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Hefte 1-2 8vo Brunn 1885 The Verein 

Brussels —Aiadtome Royalo de Mtdocine Bulletin Sene 1 
Tome XX Nos 10 11 Sene 4 Tomo I Nos IV 8\o 
Bruxelles 1886 7 The Academy 

Acadtmic Royale dos Sciences Bulletin Stoic 3 Tome XII 
Nos 11-12 Tome XIII Nos 1-4 8vo Bnwell s 1886-7 

The Academy 

Calcutta —Asiatio Society of Bengal Toumal Vol LIII No 4 
Vol 1>V No 4 8vo (almtta 188V 1887 Pioctodings 1881 
No 10 1887 No 1 8vo Cil utti 1880 7 I he Society 

Cambridge Mass —Harvaid University Bulletin Vol IV Nos 
7-8 8vo Cu nbndj Mis 1887 The University 

Copenhagen AcudcmiQ Rcyalo Bulletin 1886 No 3 1887 
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Vol IV No 3 4to (0} «Ai/uel887 IheAtadiny 

Dansig —Naturfoiuchmde Gesellschaft Sohnften Band VI 
Heft 4 8vo Dvnsig 1887 The Society 

Delft —Fcole Polytechmquo Annales Tome III Livr 1 4to 
/aide 1887 The Sch xd 

Dublin —Royal Geological Society of Ireland Journal Vol VIIJ 
Parti 8 vo Dublin 1887 The Society 

Frankfort on Oder —Nuturwissensohafthcher Vert-m des Regier 
ungsbezuks Fiankfuit a Oder Monatliche Mittheilongtn 
Band II (Zwoito Halft* ) Band III Band V Nr 1-2 8vo 
Frankjiirt a Oder 1885-7 , faooietatum Litterae 1887 No 3 
8vo Irankfurta Vler The Verein 

Halifax —Nova Scotian Institute of Natural Science Proceedings 
and liansactions Vol VI Part 4 8vo Halifax 1886 

The Institute 

Hobart —Royal Society of Tasmania Papers and Proceedings 
1886 8vo Hoi art 1887 The Society 

Jena — Medicinisch Natuiwissenschaftliche Gesellschaft Jenaische 
Zeitschnft fur Naturmssenschaft Band XX Hefte 1-8 8vo 
Jena 1887 The Society 

Konigsberg —Physikalisch Okonomische Gesellschaft Sohnften 
Jahrgang XXVII 4to Kbnigtbirg 1887 The Society 

Leods —Geological Association Transactions Sessions 1885-6 
Part 2 8to Leeds 1886 The Association 
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Leipsig —K Sachs Gescllschaft der Wiasensohaften Benchte 
(Phil-Histor Classe) 188b II 8vo Iexpixg 1887, Ueber die 
Rtaatsrechtliche Possessio der Romisohen Repnblik Abhandl 
Phil -Histor Classe Band X No 3 Large 8vo Lexjmig 1887 
'i'he Society 

London —Bntish Mnsenm Guide to the Galleries of Beptiles and 
Fishes 8vo Lrndon 1887 Catalogue of Lizards 2nd Edition 
Vol III 8vo London 1887 Catalogue of the Fossil Mam¬ 
malia Part 4 8vo London 188b Geneial Guide to the 
British Muse um (Natural History) 8vo Lon ion 1887 

The Tins tees 

Chemical Society Abstracts of the Proceedings Nos 31-40 
8vo 1887 Tonrual January to June, 1887 8vo London 

The Society 

East India Association Journal Vol XIX No 4 8vo London 
1887 The Association 

Geological Society Abstracts of tho Proceedings Nos 497 607 
8vo London 1886-7 Quai tei ly Journal Vol XL1II No 170 
8vo London 1887 The Society 

Institution of Civil Engineers Abstract* of the Proceedings 
Nos 5-14 8vo [ London ] 1886-7 Ihe Institution 

Linnean Society Journal (Botany) Vol XXIT Nos 145-148 
8vo London 188b 7 Ditto (Zoology) Vo) XIX Nos 113- 
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Mathematical Society Proceedings Nos 283-286 8vo Li mi on 
[1887] The Society 

National Fish Culture Association Journal Vol I No 2 

8vo Lcndon 1887 The Association 

Pharmaceutical Society of Groat Britain Pharmaceutical Journal 
and Transactions January to Juno, 1887 8vo London 

1 lie Society 

Photographic Society of Great Britain Journal and Tiansac 
turns Vol XI No 7 8vo London 1887 The Sooiety 

Quekett Microscopical Club Journal Vol III No 18 8vo 
London 1887 The Club 

Boyal Agricultural Soc icty of England Journal Vol XXILI 

Part 1 8vo Iondon 1887 The Sooiety 

Boyal Astronomical Sooiety Monthly Notices* January to June, 
1887 8vo London The Sooiety 

Boyal Geographical Society Proceedings January to June, 
1887 8vo London The Society 

Boyal Institute of Bntish Architects Journal of Proceedings 
Vol III No« 14-15 4to London 1887 The Inatitnto 
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Royal Institution Reports of the Weekly Meetings January 
to June 1887 8vo London The Institution 

Royal United Service Institution Journal Vol XXXI Nos 
138-189 8vo London 1887, Index of Subjects Vol XXX 
8vo London [1887] The Institution 
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1887 Tho Society 
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The Society 

Society of Chemical Industry Journal Vol VI Nos 2-4 
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The Society 
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1886 7 The University 

Madrid —Real Academia do Cioncias Memonas lomoXI 4to 
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New York —Academy of Sciences Annals Vol III Nos 11-12 
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New York 188b Ihe Academy 

American Geographical Society Bulletin 1886 No 3 8vo 
New York The Society 

American Musenm of Natural Histoiy Annual Report 1886 7 
8vo New York 1887 The Museum 

Pans —Aoademio des bciences Comptes Rendua Janvier—Join, 
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Rcolo Normale Supcneure Annales Tome IV No 5 4to Ports 
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Society d Encouragement pour 1 Industrie Nationale Bulletin 
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Observations and Reports 
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Observations Ac (continued) 
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Educational Times (Tho) January to June, 1887 4to London 

The College of Preceptors 

Electrical Review (The) January to June, 1887 fcolto London 
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8vo Oras 1887 The Author 

Hall A Compendious Vocabulary of Sanskrit in Divanagan and 
Roman Characters 4to I nlon ISA 1 * The Author 

Jones (Prof T it) F It S The Mineial Woalth of South Africa 
8vo I onion 1887 The Author 

King (G ) IRS The Species of Ficns of the Tndo Malayan and 
Chinese Countries Part 1 Palaoomorphe and Urostigma 
hoho C(/ei<talH87 The Author 

Marey (J ) Lo Micamsine da Vol dos Oiseaux 6tndie par la Pho 
tochronogiaphio 4to /an* 1887 With ono other excerpt 

The Author 

Maugnac (C ) Bor Mem It S Quel ^nes Reflexions sur le Oroupe 
dos lerres Rnres a pw pos do la Ihici e de M Crookes sur 1 a 
G entoe des B laments 8vo Genrve 18b7 The Author 

Mueller (Baron B von) IRS Iconography of Australian Spocies 
of Acacia an 1 Cognate Genera Ibird Dooade 4to Melbourne 
1887 The Author 

Rondot (Natalis) Basai sur los Piopi a-tts Physiqnes de la Stne 
8vo Pirn 1887 Mr T Wsrdle 

Roscoe (Sir H) IRS and Schorlemmer (C ) B It S Ans 
fuhrhches Lohibuoh dtr Chemie Band IV Theil 2 8vo 
Braunschweig 1887 The Authors 

RudotfE (B nod rich) Dio Bortschritto der Chemie m den letsten 
26 Jahren Rode 4to Berlin 1887 The Author 

bohaiff (R) On Otenodnlus parvulus nov spec 8vo London 
1887 The Author 

Smith (F ) A Manual of Vetennary Hygiene 8vo London 1887 

The Author 

Stome (J ) The B lora of Cardiff 8vo Carl if 1886 

1 he Cardiff Naturalists’ Society 
Sturm (R) Utber gleicho Puuktnuhen Lbenenbuaohel btiahlen 
buschel bei collmearen Uaumen 8vo Jeipttg, Zur Iheone 
der Collmeation and Correlation 8vo Leipzig 

The Author 

Wardle (T ) Les Soies des Vers saurages de 1 Inde et leur Emploi 
dans 1 Industile 8vo Pant 1887 The Author 

Warner (Dr B ) three Lectures on the Anatomy of Movement 



On the Vteeonty of he 491 

It Treatise on the Aotion of Nerve centres and Modes of Growth 
8vo London 1887 The Author 

Wernicke (Dr A ) Die Grundlage der Eukhdischen Geometric 
des Maascs 4to Braunt htoeig 1887 The Author 

Wolf (Dr R) Astionomisclie Mittheilungen No 68 8vo 
Zurich 1887 The Author 


“Note on some Expenments on the Viscosity of Ice” By 
J F Main, M A D Sc Communu ated by Prof W C 
Unwin, F R S Received Apnl 11,—Rtad May *>, 1887, 

Owing to tho uncertainty prevailing as to the continuous exten¬ 
sibility of ice under tensional stiess, it ajipeared to me desirable to 
institute a senes of expenments directed to this point conducted 
aoooiding to the methods, and as far as possible, with the exactness 
of modern expel imental testing 

In order to eliminate the influence of rogelation the experiments 
have been earned on at such low temperatures as preclude the possi¬ 
bility of any effect being produced by this cause, tl e highest tem 
peratnre recorded m Experiment No 1 being — 2 0° 0 , m No 2, 
—1 0° C , and m No 3 —0 5° C It must be remaiked, moreover 
that tlieso maximum temperatures only obtained fui a very short 
time, on one or two days, as will be seen fi om tho rot ords 

The testing machine which I used was constructed for me by 
Herr Ingenieur Usten ttcmacher of Zunch It was on the com¬ 
pound lever principle the ratio of the arms of tlio oquivalont simple 
lever bung 1 20 All parts wliore friction could be prejudicial were 
provided with knife edges 1 ho design of the machine is obvions 
from the figure, in which A represents tho specimon of ice to he 
tested, held by the collars at B and C D is an equipoise, to balance 
the weights of the levers and of the vessel h through which the 
power is applied by means of shot h is a hand wheel fixod to tbo 
screw G by means of winch as the specimen extends, the under 
collar C may be lowered, so that the position of the upper oollar B 
and of the two levers may remain the same An index at H shows 
when the parts of the instrument are m the relative position required, 
and by its motion enables a rough estimate to be formed of the 
extension of the specimen 

The temperature was rendered more equable by enclosing the appa¬ 
ratus in two wooden boxes, KL and MN 

A delicate thermometer, graduated to tenths of a degree oentigrade, 
and reading from —6° C to -+-6° 0, was attached to the oentral 



wooden pillar, which support* the upper lever The greatest 
variations of temperature inside the inner box were given in Expert* 
ment 3, and, on the days mentioned m the record of Experiment 2, bj 
two thermometers, maximum and minimum, attached to the roof of 
the inner box The oentres of the bulbs were about 74 cm from the 
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The toe specimen was formed by freezing water in a oylinducal 
non monld, with a conical expansion at one end To obtain ice as 
free as possible from included air, I m some oases (but not in all) 
boiled tbe water and then froze it AfteiwardB it was melted in the 
monld, boiled, and then allowed again to freeze In this way nearly 
all the air was expelled, only a small core of minute bnbblos up the 
axis of the cylinder remaining In Rxpeiintent No 1, however, these 
precautions were not taken, and thus the cyhndei of loe had linear 
bubbles of air, radiating in houzontal straight lines from the axis of 
the cylinder These were due to expulsion of the air ftnm the water, 
in which it was dissolved, as the latter froze in concentric cylindrical 
shells from outside inwards 

After the ice cylrndi r had been fiecd fiom contact with the mould, 
by bathing tho latter in warm water, it was passed through the 
conical iron collar (C in figure) which the conical expansion of the 
ice fitted, and which had been sciewed to the uppei pmt of a wooden 
fiame The other eollur (B) was then attached to a moveable plate 
in the wooden frame, which was capable of motion vertically and 
horizontally, and, by adjusting screws, both tho frame and the oollat 
B could be made accurately horizontal By a small plummet the loe 
cylinder was made to hang vertically, by plaoing small pieces of oork 
between it and the edgo of the opening in B Wutcr was then run 
into B, and, when fto/en, a cylindtr of ice was obtained hold above 
and below in two conical collars By the above mentioned adjust¬ 
ments it was ensuiod that the cylinder of ice was perpendicular to 
tho surfaces of the two collars B and C 

As the weight of the two non collars was over 4 5 kilos, much 
care was needed to prevent fiocture of tho ice, which, unless handled 
tenderly, broke with the least jar, on bcing^nsertcd m the machine 

The lower surface of the uppei, and the upper surface of the lower 
oollar had been planed true, and brass nngs fitted on them Ihese 
rings were also made plane surfaces Thoy extended so far from the 
ice specimen that it was possiblu to use callipeife between tbe surfaces 
of these brass rings, without intei ference with the larger ends of the 
conical collars The nng on B was provided with four small holes, 
P0° apart on the circumference, and by means of a small plummet 
the points on the nng of C (whuh nng was graduated roughly) that 
were vertically under tho four points on the nng above, were deter¬ 
mined By noting these gi aduations it was rendered certain that the 
measures would always be taken between the same points in the 
upper and under rings Since the ico specimen was inserted m tbe 
apparatus with ite axis vertical, the lines measured between the 
points thus determined on the two rings, were, m each case, parallel 
to the axis of the cylinder Tbe callipers used measured to the one- 
fiftieth of a millimetre. 
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I used (he rings because I have not been able to devise means, as 
yet, for so firmly fixing objects in the ifle that there Would be no 
danger of displacement by their own weight, or daring the measure¬ 
ment by callipers. The results obtained are therefore affected by 
errors, if any, which may be due to action at the collars, such as 
slipping through, owing to distortion of the conical enlargements 
This effeot is bnt slight at temperatures below the freexing point; 
thongh near and above freosing point the collars, when the ioe is 
under tensile stress, will not hold it, but, in the course of a few hours, 
by distortion of its conical enlargements, it slips through them. At 
lower temperatures, to act as a check on the measurements taken 
between the rings on the oollars, and to determine if any appreciable 
effeot was due at those temperatures to Blipping through the collars, 
I gammed two pieces of paper on the ice specimen near the top and 
bottom. On each of those a Bmall pemnl mark was made, and by 
means of a rule, 1 got a measure of the distance between tho points. 
By repeating this measure on a subsequent day, a rough value was 
obtained of the extension between the marked points. The distance 
oould be estimated to about the quarter of a millimetre, and showed 
that, with low temperatures, nearly all the extension observed was due 
to the stretching of the piece, and not to a shearing action of tho ice 
in the collars. 

In the tabular results of three experiments whioh follow, the first 
column gives tho date ; the second the hour, reckoned from Berne 
mean midnight, at which the observations were taken; the third 
column gives the temperature in degrees oentigrade, read by an 
attached Kew-verifled thermometer, graduated to tenths of a degree; 
the fourth column gives in millimetres the mean of the distances of 
the points on the upper from those on the lowor ring These dis¬ 
tances, four in number, were taken at opposite extremities of two 
perpendicular diameters of the rings. The next column famishes the 
mean extension in millimetres in the interval that has elapsed since 
the last observation. The sixth column gives, in hundredths of a 
millimetre, the hourly moan extension deduced from the preceding 
column, and tho interval which has elapsed between tbe two observa¬ 
tions. The two noxt columns give, in kilogrammes per square 
centimetre, the mean and the maximum stress respectively. By the 
rapid evaporation from the ice cylinder, even at low temperatures, 
the amount of this stress increased from day to day, with the same 
load at the farther end of the compound lever. Sinoe the evaporation 
was different at different parts of tho ioe oylinder, owing probably to 
variations in texture, and still more to the effect of the proximity of 
the collars to the ice above and below, which protected the ioe near 
them from evaporating so qniokly as in other parts, the diameter of 
the cylinder at different heights varied. Thus the mean stress, as 
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deduced from three measuremi nts of the diamoter, at the top m the 
middle, and at the bottom, differed from tho maximum stiess as 
deduced from the total load and the hast area of section 

The last column but one in 1 a penmen t No 1 gives the minimum 
temperatuie the piccedmg night miasnied not in the box but by a 
thermomttor froely expiscd out < f doors Since tho ice sptcimon was 
enclosed in the donble box its tempir itnre did not sink as low as those 
given m this column The numbers hue aie only to be taken as sig 
nifymg that the mgbt a as or was nit specially told Unfortunately 
in this exponment no maximum and minimnm kmpeiatnro observa¬ 
tions were takon In Experiments 2 and 3 the maximum and 
minimum temperatures were observed when recorded by a maximum 
and a minimum thoimometer suspended in (lie box and their deter 
minations furnished thi lange of tompeiatiu 

hxpoument 1 

Mean ouginal length of specimen not subjected to 


tension measured at 9 15 on Kb 7th =21348 mm 

Mean length with load of 5 5 kilos = 2 14 22 

Giving a sudden increase in length of 0 74 

Measured just after wai ds it had hi como = 234 58 

Aftei 11 home (at night) under same lial = 23498 

Giving a mean honrly extension of 0 01 

After 2 hours (tomp —5 0°) the length become = 235 04 

Giving an hourly extension of 0 02 


The load on the specimen was then moreased to 12 5 kilos, and tho 
mean length became 235 12 mm 
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The specimen broke by a jar due to the falling of a weight on the 
floor of the room 

On Febraary 27th the three observations were taken, with different 
loads on the specimen, directly after one another With a load of 
5 5 kilos (the weight of the lower collar) thore was an immediate 
extension of 0 22 mm , and when the load was increased to 12 5 kilos, 
the extension at once increased by 0 04 mm 

The three experiments, of which the insults are given above show 
that ice subjected to tension Btretchcs continuously by amounts which 
evidently depend on the temperature and on the tonsile Btrcss When 
the stress is gieat, as in No 1, and the tompeiatnre not very low, 
there aie appreciable extensions, us on February 15th, amounting to 
aa mnoh as 1 per cent of the whole length per day When tlio tem- 
peiatuie ia lower, and the stress is less, the extension is lcsa, but still 
such os can be measured So continuous and dehnite is the extension, 
that it oau even be measured fiom hoar to honr, as hccd in Experi¬ 
ment No 1, when for hebruaiy 15th and 16th easily measurable 
extensions were obtained tor intervals of two and three hours The 
quantities artually measured were generally both notably greater and 
less than the mean since owing probably to inequalities m tho dis¬ 
tribution of the etnas and to variations of texture in the ice, 
due to internal stiaina produoed in freezing ono side of the specimen 
wonld sometimes stretch 50 pel cent moru than tho other Hence 
diffeiential motions resnltod in tho ice Those motions and exten¬ 
sions took place at temperatuies which preclude all possibility ol 
melting and legelation, expecially in Kxpeuments 1 and 2 In Ex¬ 
periment No 1, it was found that in three dajs, from Febiuaiy 13th 
to February 16th, the distance between two maiks on pieces of paper 
gummed on the ice increased fiom 200 mm to 203 mm , giving an 
elongation of ^ per oont per day This method fails at tempera¬ 
tures veiy near the fronting point, owing to the danger that by 
thawing the pieces of paper may slip, but is free from this risk at 
lower temperatures It is in any case very rough, and is only 
useful as a ohtek on the other measures since there is no question 
here of slipping thiough the collars How close tho correspond¬ 
ence in the results obtained is may be teen by observing that in 
Experiment 1 there was an extension in nine days of 11 mm in the 
case of a cylinder of ice, which at the beginning of that tame was 
235 mm long, and this gives an elongation of just about § per 
cent, per day, the same as resulted from the three days’ observa¬ 
tion with the marked bits of paper 

The experiments are to be regarded rather as proving the exist¬ 
ence of continuous extension under tensile stress then as deter¬ 
mining its amount The quantities observed are functions of the 
stress, of the tune between two observations, and of the time integral 
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during that interval of the temperature Owing to the rapid evapo¬ 
ration ftom ico, oven at low temperatures, whon the surface is never 
liquefied, at such an elevation (6100 feet above sea lovel) as St 
Monts, in the Engadino whero tho observations were earned on, tho 
specimen is subjected to a continnally incieasing stress This vana- 
tion in the stress can no doubt be diminished by clothing the speci¬ 
men in flannel Tho chango of temperature I oxpett to diminish by 
filling the interval between the two sunonnding wooden boxes with 
some non conducting matei ial In this way I have good hope that, 
on resuming tho expenments next winter at St Montr, I may bo able 
to dotetmmo more nearly the law of extension lhat thorc is such 
extension, and that it goes on continuously with all stresses above 

I kilo per square ccntimetio, and at all temperatures betweon 
—6° C and freezing point, is shown by the above experiments When 
ice is in a condition such that pressure with the point of a needle will 
cause a set of radiating fractures to pass from the point of contact in 
all directions, it stictches as certainly, although not by so great an 
amount as when it will permit the passage through it of the same 
noodle without showing tho hast trace of flaw or scar 

In the discussions, for th< most part a prioii, on tho extensibility of 
ice, sufficient importance has not usually been assigned to the neces¬ 
sity of distinguishing between tho effect of even a small blow or jar 
and that of a much gi c iter force applied gradually and steadily 
during a long interval A bar of uo may bear a stress of 4 and 
5 kilos pei sqnare centimetre if tho load is steady, which would 
fiacturo at once with a much smaller sudden stress, especially if not 
uniformly distributed 

In tho first experiment we notico a total extension in nino days of 

II mm In No 2 there is an extension of 1 8 mm m five days, and 
m No 3 of 1 7 mm in three days If wc assume for the moment an 
extension proportional to tho time, we should thus get a mean daily 
extension in4he three experiments of 1 2 mm , 0 36 mm , and 0 56 mm 
respectively To account for the disci tpancy we remark that tho 
•tress in No 1 is much greater than in 2 or 8, and tho temperature 
not so very low during the day, although low at night The effect of 
increased stress is woll shown in Experiment No 2, on Febrnary 23rd 
and 24th, where, on increasing the stress from 2 28 to 3 65 kilos, 
the extension in a day rises at once from 0 08 to 0 69 mm In No 2, 
for three out of the five days, the temperatures were below —6° C, 
whilst in No 3 there was a low stiess but comparatively high tem¬ 
peratures 

I n Experiment No 2 the large numbers obtained at first probably 
arose fiom the fact that in piepanng tie specimen its conical ex 
pansion had frozen to the collai C When the water run into the 
collar B began to fieese it expanded, and thrust the ice upwards 
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Ai it was frozen to the collar C, and therefore unable to expand 
upwards, since both collars were fixed to a frame, the cylindrical part 
of the ice bulged outwards, as in the usual case of a long column 
under compression. When the specimen was subsequently exposed 
to tension, the effect of the latter was to straighten it, so that in a 
few days it no longer bulged out. The straightening of the central 
line of the ice oylindor thus gave nso to greater extensions than were 
due simply to the extension of a straight bar of ice with an equal dis¬ 
tance in all azimuths between the rings 


“The Air of Sewers.” By Professor THOMAS Carnelley, 
D.Sc., and J. S. Haldane, MA, M.B., University College, 
Dundee. Communicated by Sir H. Roscoe, F.R.S. Re¬ 
ceived May 21.—Read June 16, 1887. 

Owing to the complaints which had been made of bad smells in the 
House of Commons, a Select Committee was appointed in the spring 
of 1886 to inquire into the ventilation of the House In consoquenoe 
of the experience wo had gained in the courso of an oxtensive exami¬ 
nation of the air of houses and schools in Dundee (see * Phil. Trans.,* 
vol. 178 (1887), B, p. 61), we wore instructed by the Committee to 
make a series of analyses of the air in the sowers under the Honsee 
of Parliament, and to report thereon (see ‘Second Report of the 
Committee,’ Appendix). Since then wo havo examined the air in 
a considerable nnmbcr of sewers in Dundee. 

Our objoot was, in the first place, to obtain a general idea of the 
amount of some of the more important impurities present in sewer 
air. But we have also endeavoured to throw some light on their 
souroea, and on the conditions affecting their dissemination. With 
this view we found it desirable to supplement onr observations in the 
sewers by a certain number of laboratory experiments. 

In spite of tho great amount of discussion which has taken place 
in oonnexion with real and supposed danger from sewer air, there 
have hitherto been but few analyses published of the air of sewers of 

The first and most completo set of analyses was that made by 
DA Letheby in 1857—58 (‘Report to the City of Loudon Commissioners 
of Sewers,’ 1858). He examined the air of thirteen sewers in the 
City of London. The following are the means of his analyses :— 
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Oxygen 

Nitrogen 

Vols of 
carbonic 

Marsh gas 

and 


100 grains of air deprived 
of water and oarbomo acid 
gave after oxidation 

percent 

percent 

acid per 
10000 

sulphuretted 

hydrogen 


Carbonic 

aud 

Water 

19 606 

79 962 

68 2 

trace. 

Rather 

abundant 

1 247 grains 

1126 grams 


Unfortunately no mfoi mation is givon as to the condition and moans 
of ventilation of thcso sewers 

In 1867 Dr Miller,* in an investigation on the action of charcoal 
air filters, made a number of analyses m two London sewois The first 
seneB was made in a clean and well vontilated sewei, and the second 
in a sewer desonbod as “ tide locked and ill vontilated In tho first 
senes (eighteen analysts) he found on an average 10 6 i ols and in 
the second (six analyses) 10 7 vols of carbonic acid per 10 000 vols 
of air In neither series could sulphuretted hydrogen bo detected, 
and in both aoncB the ventilation was by mean a of open giatings 
In 1877 Bcotrf m Munich found 31 4 vols of carbonic acid and 
2 2 vols of ammonia per 10 000 as an average of five analyses 

As ltgards tho rnicio organisms pieBont in sower air the only 
analyses hitherto pabhshod are those of Miquol $ He sajs, Tho 
atmosphere of sewers always saturated with moisture and constantly 
in contact with water moie or less filthy and loaded with putrefying 
substances, is heawly charged with bactcna Judging fiom a senes 
of experiments made m the sewer of the Rue de Rivoli m tho neigh- 
bourhood of the point at which this sewer joins the large collector of 
the Boulevard bebostopol there are present in tho air circulating in 
this gallery 800 to 900 bactcna per cubic metre ’§ (= 0 8 to 0 9 per 
litre) Ho also states that the air of the sewei contains an almost 
constant number of bacteria, and that in summer the an of the Rue 
de Rivoh may exceed m impunty by five or six times that of the 
•ewer, while in winter the air of tho sewer may bo fne oi six times 
more impure No details are furnished &b to the condition and means 
of ventilation of the Hewer nor as to tho number of analyses on which 
thoso conclusions are based 

• ‘Chemical News’ March 13th 1868 

t Quoted by hrumaun m Pettenkofer and Ziemssen • Handbuch der Hygiene,' 
voi «,p 197 

£ ‘ Let Orgamimei Vnanta de 1 Atmosphire,’ 1883 p 278 
f These number* refer to the bacteria capable of developing in a solution of 
Liebig • extract of l'OM specific gravity placed m an incubator at StP—86° 
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Millet (‘ Biedemann’g Centralbl1880, p 227) states that air taken 
from above a sink was rich in micro organisms 

In detailing oar own observations it may ho as well, in the first 
place, to givo Bomo account of the sewors in which they were made 
The mam sewer of Westminstci Palace,* in which our first observa¬ 
tions were made, ran ulong underneath the open courts m the centre 
of the building from the neighbourhood of the Victoiia Tower to 
that of tbo Clock Towei a short way beyond which it joined the main 
low level metropolitan sower Along its course it varied irregularly 
m height from 4$ to 10$ feet It was ventilated by suction fiom tho 
laigo fnrnaco at the foot of tho Clock lower, and was cut off by a 
penstock from the metropolitan sewei The an drawn into tho shaft 
of the furnace almost all camo fiom openings near tho Clock Tower 
end of tho sower In tho lest of the sewor there wore no open 
gratings, and the draught was feeble On opening the trap door of 
a man-hole near tho Victoria Tower thtro was an upward rush of air 
and condensed vapour, in spite of the vciy jwwerfnl Buction at the 
other end of tl o sewer The se wci was flashes! daily It was clean, 
and the fleiw of sewage was pretty mpid The water frequently 
accumulated ra tho sewor during tain owing to rise of tho lee cl of 
the watei in the metropolitan sewer Our analyses were made when 
the water was escaping freely 

The second set of analyses at Westminstci was mado after the 
ventilation of the sewer had boon altered by canying an additional 
shaft to the fnrnaco and pi icing inlet gratings m suitable positions 
By this means the diaught ilong the sewer fiom the neighbourhood 
of tho Victoria Towti was much incieased 

We owo the facilities which weio afloideel us for oxamining tho air 
in the Dundee sewers to the comtesy of Mr Maekison, Huigh Engu 
neei We met with a variety of conditions in these sowers They 
are all ventilated by open grvtings placed in the roidway at distances 
of about 50 yards apart, and nUo by the open drain grids placed along 
each side of the road it distances of about 40 yaids Ihe flow of 
sewage was m almost o\ciy case protty rapid at tho tune when our 
analyses were made Tho seweis in Commercial Street, Overgate, 
and Nothergate are egg shaped , that m Murraygato is a largo cirou 
lai sewer Those in Reform Street and Dock fetrett had originally 
been large, old, flat bottomed stone sewers, but had been partially 
altered by tho substitution of a bottom similar to that of an egg- 
shaped sewer The Dock Street sow ei is alternately filled and emptied 
by the tide, as is also the sewei in Commercial Street, opposite Ex¬ 
change Street The approximate heights of the several sewers are 

* Thu tewor hu now (1887) been replaced by a pipe, on the recommendation of 
the Select Committee 
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given in the table of results (pp 504—507) It will be seen that 
the sewers which we oxamined were all of considerable sise, large 
enough to be entered without great difficulty Our data, therefore, 
do not apply to small sewers and drains 

In each sewer examined we estimated simultaneously the amounts 
of carbonic acid ‘orgamo matter, ’ and micro organisms, as m the 
case of our observations referied to abovo on the air of houses and 
schools Analyses of outside air m the immediate vicinity of the 
sewers examined were made at as nearly as possible the same time 
In order to avoid as far as possible contaminations due to onr own 
presence we kept to leeward of tho apparatus employed m collecting the 
samples The methods employed wore that of Pettenkofer for carbonic 
acid, Carnelley and Mackie s modification of the permanganate process 
for organic matter * and IleBse s method for mn.ro organisms f The 
results obtained are given in tho preceding table 

For the purpose of giving a general idea of the relative impurity 
of sewer air wo have taken the avemges of analyses A and B of 
sewer air and placed them alongside of the averages foi outside air 
at the same time and for various classes of houses and schools, as 
determined by ns in tho winter of 1885-86 and detailed in tho paper 
mentioned above 

The abovo tablo shows (1) that tho air of the sewers was mnob 
bettor than one might have expected (2) that thB carbonic acid waa 
about twice and the organic matter rather ovei thico times as great 
as in outside air at the same time whereas the number of micro 
organisms was less (3) that in refereneo to the quantity of the three 
constituents named the air of the sewers was in a very much better 
condition than that of naturally ventilated schools and that with the 
notable exception of organic matter it had likewise tho advantage of 
mechanically ventilated schools, (4) that the sewei air contained a 
much smallei number of micro organisms than any class of house 
The carbonic acid was rather greater than m the an of houses of four 
rooms and upwards, but less than in two and one roomed houses As 
regards organic matter, however, the sewer air was only slightly better 
than tbe air of one roomed houses, and much worse than that of the 
other classes of house $ These facts are brought ont more dearly in 
the following table, in which the average quantity m excess of outside 
air of each constituent in sewer air is taken as muty 


• ‘Boy Soc Proo, vol 41 p 288 

t * Mitthwlungen sss dm k Geenndhartsamte,’ vol 2 p 182 
J The data for all the clauet of house* refer to sleeping rooms when ooenpssd 
daring the night 
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Carbonic 

Organic 

Micro 



acid 

natter 

organisms * 

Sewer* 


1 7 

1 

1 3 

1 

7 r 

Houses 1 

two root «1 

1 4 

0 4o 

6x 

1 

[four rooms* 1 pwirl* 

0 1 

0 3 


Schools 

r naturally rent 1 it 1 

4 0 

1 6 

17* 

L meohanioally rent luted 

2 i 

0 2 

2x 


On comparing the average amount of carbomo acid found by os in 
sewer air with that found by earlier investigators (see above) it 
appears that the sewers wo examined must have been much better 
ventilated than those previously examined 

In onr paper on the air of schools and hoosos we pointed out 
that in individual cases tho amt unt of carbomo acid is not a measure 
of the amount of the organic matter and number of micio organisms 
present in the air at tl e same tune and that it is only when the 
average of a comparatively large number of cases is taken that the 
organic matter is seen to increase with tho caiborne acil while the 
mioro organisms show no evident connexion with tho carbmio acid 
and organic matter In tho air of sewers tho relation to one another 
of carbomo acid and oigamc matter is similar The micro organisms 
on the whole decrease as the other constituents increase This is 
shown in the following table in which tho organic mattei and micro 
organisms are oompared in amount with the carbomo acid as a 
standard ihe table is constructed by dividing all tho carbomo acid 
determinations into three oqual groups according to the amounts of 
oarbonic acid found and then talcing tho average of tho corzesponding 
organio matter and mioro oigamsm detei munitions m each group 



iimpe 

ratlin 

Carbonic 

Organ c 
matt r 

Micro 

organumi 

Total — 





4 Q— 6 2 vols carbomo acid 

66 8° 

5 7 

6 1 

8 7 

6 7—79 

63 1 

7 3 

6 3 

6 4 

B 6—10 0 

68 0 

9 ^_ 

10 6 

6 4 


* In this ease we here represented the relation of the number for fewer air to 
that for air in four roomed house* by «r as the calcu l ated number for sewer air is 
negator* Thereat value of * must be between f (- 18) and infinity 
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Tempo 

Carbonic 

Orgenu 

Kioto 


rature 

amd 

. 

matter 

organisms 

In oxoee* of outel lo air at tame tune — 





0 4-85 vol* carbonic acid 

7 (f 1 

1 76 

8 a 

- 6 0 

1 8 8—4 1 

6 6 

3 b 

6 3 

- 2 9« 

| 4 7-7 9 

4 6 

0 0 

b 8 

-18 2 


Solti cet of the actual Impurttxea in S ewer Axr 

The source of organic matter present m sewer air over and above 
that present m outside air at the time is of course the sewage 
itself The organic matter aiisiug from the Bewage is most pro¬ 
bably wholly or for the most part gaseous for the conditions which 
cause tho number of micro organisms n sewer air to be less than 
in outside an w ould also affect any solid organic matter or dust in 
a similar manner so that we should expect the solid organic matter 
in sewer an to be less than in outside air at the same time The 
gaseous organic matter arising from the sewage itself will pro¬ 
bably be of two kinds, that volatile par ae and that volatile with the 
aqueous vapour from the sewage water Organic matter may also get 
into the air in cases where splashing occurs from the entry of a side 
dram high up in the wall of a sewer 

Tho uubomo acid in sower air over and above that in outside 
air may have two sources It may be due to diffusion into the 
sewei from the neighbouring soil but probably its chief source is 
oxidation of organic matter m the sewage and the air of the sewer 
Millor many years ago demonstrated the existence of snoh oxidation 
in the Thames when it was the recipient of all the London sewage 
He showed by a senes of analyses of the gases dissolved in 
Thames water collected at vanous points above and below London, 
that from Kingston to Greenwich the caibomo acid increased, while 
the oxygen i apidly diminished 

Two possibilities occur as to the souroe of the majority of the 
micro organisms in sewer air They may in tho first place be do 
nved from the sewage and sewer walls If this were so to any 
great extent wo should expect their numbers to increase with the 

• The irregulouty here u due to the re*alt* m the Dock Street tower, whioh wo* 
examined on a dry and windy day when the micro organum* in the oatade air 
were very numerou* owing to duit to that the difference between outmde air and 
eewer air wt* very great (tee the large table of re*alt* p 600) In the flret 
d a mfl oation one of the Dock Street analyte* fill* into each elate in the eeoond 
claewflc a ti on two fall into the third date leaving none in the eeoond date If the 
Dock Street nnolyiee were left out or if the third dot* began at 49 vol* of carbonic 
add indeed of at 4 7 the decree*# m micro organiimi would run quite regularly 
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length of time daring whioh the air is present in the sewer, and there, 
fore with increase in the carbonic acid. Bat it has beon shown above 
(p. 509) that the very opposite is the case, the micro-organisms be¬ 
coming less numerous with increase of carbonic aoid. We have also 
classified the whole of oar observations according to whether they 
were made at points where there was a strong, moderately strong, or 
very feeble draught. Here again it will be seen that tho results are 
against the theory that tho micro-organisms come from the sewer 
itself. 



Carbonic 

Organic 

matter 

organisms. 

Strong draught. 

B 6 

6-7 

9D 

Moderate draught. 

7 5 

8 8 

8*0 

Little or no draught.. 

0 4 

8-1 

e 7 


> Inei 

com of outside air. j 

1 Carbonic 
acid. 

Organic 

matter. 

Micro- 
organ unu. 

Strong draught. 2 -0 

3 S 

- 2 8 

Mod era to draught. 3 9 

B 0 

- 9-2 

Little or no draught. 6*0 

5-6 

-14 8 


A similar result wpa obtainod from our observations at West¬ 
minster, whero we mado sir observations before, and six after the 
improvements in the ventilation referred to above. 



Carbonic 

Organic 

Micro- 


amd. 

matter. 

organism*. 


7 8 

11 0 

7 

Average after lmprorement. 

0'8 

2-7 

10 S 


The only other source for the micro-organisms of sewer air is con¬ 
tamination from the outside air. The same arguments which, have 
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The mere fact that the average number found in the sewer air (8 9) 
was less than that in outside air at the same tune (159) is itself 
a strong argument in favour of the origin of most of the micro¬ 
organisms from outside air If the air takes up micro organisms in 
its course along a sower, we should expect the number to increase 
rather than diminish during its passage, whereas the opposite is the 
oaae, doubtless from gradual settling of solid particles This settliug 
is perhaps even greater than appears from our analyses, as it was not 
practicable to take specimens of outside air at the gratings in the centre 
of the roadway with the traffic proceeding as usual At these points the 
contamination of the air by solid particles of organic origin would of 
course be at its maximum 

It will be noticed that in the analyses made at 'Westminster the 
numbers obtained for the sewer air close to the Clock Tower wero 
always latgci than those for outside an (see Table, pp r >04—50o) Not 
much stiess can, however be laid on this fact, as a great part of the 
ait passing along the sewer at this point came from a side dram near 
the Clock Tower, leading Irom a point where the outside air was much 
more likely to lie contaminated by dust from tiafhc than m the central 
court where the outside air analyses wei e made The outside air de¬ 
terminations at Westminster apply strictly to the sewer determinations 
noai the Victoria Tower and kitchen, as theso determinations were 
made just at the opening of the inlet grating ventilating this part of 
tho sewer It will be seen that the micro oigamsms inside the sewer 
deoreased in proportion to the demesne in those present in the outsxdo 
air 

Another argument in favour of the ongm of most of tho micro¬ 
organisms from outside may bo denved from the fact that the 
average proportion of moulds to bactena was nearly the same in tho 
sewer air and corresponding outside air, I to 9 in the former and 1 to 
8 in the latter Weie the micro organisms in sewer air mostly de¬ 
rived from a different source than outside air we should expect the 
proportion to be different Thus m two oases refen ed to below, in 
which the micro organisms were evideutly derived from splashing m 
the sewer, among 128 micro organisms there were no moulds In the 
micro organisms present in the air of naturally ventilated schools and 
one roomed homes, the average proportion present was found to be 
1 132 and 1 49 respectively, as against 1 2 5 in the corresponding 
outside air (‘ Phil Trans 1887, B, p 99) 

A final argument is that so far as a naked eye examination of the 
colomee allowed one to judge, the micro organisms in the sewer air 
we examined were, with perhaps one exception, similar to those in 
outside air The exception referred to was in the case of some very 
rapidly liquefying oolomes which occurred m several samples of sewer 
air, collected at points where there was more or less splashing 
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These possibly came from the sewer itself, as we have not observed 
in ontside air or in buildings any colonies which liquefied the jelly 
as rapidly or so extensively 

The conclusion thus arrived at as to the source of most of tho 
micro organisms present in sewer air is perhaps, at first sighti 
contrary to what one might have expected It is in agreement 
with the fact that the state of cleanliness or filthiness of a sewer 
seems to have no perceptible effect on the number of micro organ 
isms present in the air of the Bewer Thus two observations on 
two different days and at two different points of the dirtiest sewer 
we examined, gave only 2^ and 12 micro organisms respectively, 
as compared with an average of 4^ and 9 in other and cleaner 
sewers on the same days Oar conclnsion is also in agreement with 
what is known as to the distribution of bacteria m air Nageh 
(‘Die Niederen Pilxe, pp 109 111) has shown that liquids or damp 
substances do not, with ordinary air currents give off micro¬ 
organisms to the surrounding an He even found that air drawn 
through gravel which had been svturated with filth an! then diied 
gave off no micro organisms (p 1(9) Miquel ( Comptes Rendus ’ 
vol 91 p «4) states that the vapour of water rising from tho soil from 
livers or from massos m full putiofaction is free fnm germs that 
the gases evolved from decaying substances and the air passed over 
putiid meat aie free from geims provided that the putrefying sub 
stance is as moist as soil taken 0 3 metre fiom the surface The 
expei iments of Professor Irankland ( Roy Soo Proc vol 25 1877, 
p 542) also point to the impi ohabil ty of micio organisms being 
disseminated in an by such agitation of a liquid as that produced by 
the flow of sewage along a sewer On the other hand it is well 
known that the micro organisms already present in air are always 
tending to sink to the ground On this tact Hesse s method depends 
Honce air in its passage along a sewer will presumably tend to 
gradually deposit its micro organisms especially if the air current is 
slow 

In order further to elucidate this point, and in particular with 
regard to the dram pipes leading into houses we made some experi¬ 
ments with an artificial drain pipe lhiough the side of a wooden 
box, AB, there was passed the end of a pieoe of glass tnhing OD, 
5 feet long and 1} inches in diameter, and open at both ends In the 
oppoaite aide of the box there was a hole by means of which the air 
inside the box could be connected with the entrance to a Hesse s tube, 
and the micro organisms thus determined Through the roof of the 
box there passed a obimney in which a draught was maintained by 
means of a small flame F kept horning at the bottom This, of 
course, caused a oorrespon li ng draught through the long tube and into 
the box A constant stream of water was kept running along the 
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bottom of the experimental sewei tin Biles of which wero also 
moufc nod before each expc 1 iment By estimating tho micro organisms 
m tho ail at tho mouth < f the tube and m the box the difference 
t aused by piasago of the an along the tube could be determined 
The rato of the cm tent of air through the long tube was in all tho 
experiments 5 feet m six seeontls Tho detuminations vieie made 
simultaneously attei the diaught had been estallished for a short time 


No of 
i xpuuumt 

Quantity of 
air aspiratid 
t) rough 

Hem »tub 

Air of laboiatory (b f te 
patung through t ibe) 

Air of box (after poxing 
through tulxj 

Total micro 

orgnnuma 

Moull* 

Total micro 
organums 

Mould* 

! 

t litre 

200 


100 


2 

t litre 

Mo 


141 


A \ 

o litre* 
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0 

3 


4 

6 litre* 

J 

0 

2 

1 

5 

5 litre* 

1 

1 

1 

0 

e 

i litre 

344 

>7 

130 

42 

7 

1 litre 

2.1 

67 

175 

73 


A ""«- 

111 

23 

! 80 

23 


In Nos 1, 2, b, and 7 the air was tendered dusty by shaking mats 
in the room Nos 3, 4, and 5 were made with tbe air of the labora¬ 
tory in its ordinary condition 
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It will be teen that the micro-organisms wore diminished by nearly 
one half in passing along the tube This confirms our conclusions as 
to the settling of micro-organisms in sewer gas The micro-organism* 
would settle ont of a drain-pipo especially with great rapidity 
Judging from the rate at which they settle in a Hesse’s tube, air 
standing in, or passing along, a 4-inch drain-pipo would become 
entirely free of micro-organisms within three or fbui minutes Henoe 
it seems improbable that micro organisms can penetrate into a house 
from a sewer unless with a pretty lapid current towards the house 

It will be seen from the table that the moulds are more numerous 
m proportion to bacteria after the air has passed through the tabs 
than before This is due to the fact, first observed by Hesse, that 
moulds foil through air less rapidly than bacteria We should expect 
to find a similar alteration in the proportion in badly ventilated 
sewers, but our observations in such sewers were not sufficiently 
numerous to enable ns to say whether this is actually the case 

Although, as has boen seen, most of the micro organisms present 
in the air of the sewers wo examined seem to ha\o come from the 
outside air, y«t in some casts wo had distinct ovidento of tho 
dissemination of micro organisms from bew ago itself In Dundee a 
few, and at Westminster a laigo pioportion of the diamH wcie found 
to enter the sewors through tho roof This gavo nse to a t onsiderablo 
amount of splashing, the effect of which on tho dissemin ition of 
mioro-orgamsms m the air it seemed of great importance) to investi¬ 
gate The following observations in the seweis bear upon this point 
An analysis was made withm about 2 feet of a sbowor of witer pro¬ 
ceeding from tho roof of the Dock Street sewer, tho diaught being 
veiy slight Tho number of micto oiganisnis picBcnt was 103 (all 
bacteria) An analysm mado shortly afteiwards a few foot to wind¬ 
ward of the shower of water gave only twolvo micro organisms 
During ono of the analyses made at Westminster, a sudden and vtiy 
violent showtr of sewngo occuntd about 10 feet to windward of the 
tnpod carrying the Hesso s tube In this tasc tho numlier found 
was 25 (all bacteria), wheieas an analysis made at tho samo point 
a few minutes later aftei the dnppmg had ceased, gave only oight 
micro organisms Ono of tho analyses in tho Murraygate bow or was 
made within about 30 feet of tho point where the Hill Town sewer 
enters the Murraygate sewer there being a draught of about 2 feet 
per second from this point to the spot wheio the analysis was made 
The Hill Town sewei has a stoop incline, and the water contained m 
it rashes down with great force, forming a soit of water-fall, the roar 
of which sounded most impiossivo as it echoed along the sewer The 
analysis only gave three micro organisms per litie * 

• The low number thui obtained was pombly os mg to the £sot that the wiste 
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From the first tiro observations it appears that micro-organisms 
are undoubtedly disseminated in sewer air by splashing; but whether 
they are carried far in the air oannot be decided from the above 
experiments. The point is one of great practical importance, as the 
micro-organisms in question are those on which most suspicion 
of properties injurious to health naturally falls. Hence we thought 
it desirable to make some laboratory experiments with a view to 
elucidating the matter. 

In connexion with the effects of splashing we also investigated the 
effects of the bursting of bubbles. Professor Franldand (‘ Roy. Soc. 
Proo.,’ vol. 25, p. 542) has already made experiments on this point by 
means of lithia solutions. He found that lithia was disseminated in 
the air and oarriod to a considerable distance, when a solution of 
lithia was made to effervesce. Honce the presnmption is that micro¬ 
organisms might be disseminated in a similar way 

Our experiments were made with the artificial drain-pipe arrange¬ 
ment described above (pp. 513—514). Control determinations of the 
air in the box were first made after the draught had been established 
some little time. A putrefying solution was then poured from a height 
into a vessel placed at about 6 inches below the end of the glass 
tube, so as to imitate the splashing in a sewer; or effervescence 
was brought abont in the same solution, placed at the mouth of the 
long glass tube by adding Uodium carbonate and hydrochlorio add, 
or by blowing email and numerous jets of air through the putrid fluid 
by means of a fine rose from an ordinary garden hose pipe 

water from a dye work* wm discharged into thu sewer, accompanied by a distinct 
smell of ohlonne at the time of our experiment These conditions possibly 
exerted a disinfecting action 
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These results aie very decided, and oonfirm and extend for micro¬ 
organisms the results obtained by Professor brankland for lithia 
solutions They show conclusively not only that micro organisms are 
disseminated in sewtr air by splashing but that those having this 
origin may be earned to a considerable distanco along a sewer or 
dram pipe Calculating from those experiments, air vitiated as 
above desonbed, and to a similat extent would still contain about 
400 micro organisms per litre after travelling about 60 yards, in a 
sewer 5 foet high and with a draught of about 1 foot pci socond It 
is therefore of the greatest importance that sowers and drams shonld 
bo so arranged as to avoid splashing os mnch as possible 

The Phynologutal Effecti of Unorganxee l Organic Mailer xn Sewer Axr 

In view of the fact that oidmary howci air m the absence of splash¬ 
ing, turned out to be to all appearances comparatively innocent as 
regards its micro organisms and assuming that it has an injurious 
effect on health, we dirocted further attention to the unoiganised 
organic matter present in it Of organic compounds most likely to 
produce some of tho bad effects ascribed to sewor air, volatile 
ptomaines* at onoh suggest themselves on account of tho intensely 
poisonous properties possessed by various known ptomamoBt We 
therefore endeavoured to ascertain whether sewer air contains any 
poisonons volatile bases For this purpose air was drawn continuously 
foi thirty four days from the sewer side, below tho trap, of an oarthen 
pipe, which aoted as the dram from the College water closets and 
unnals This air was bubbled continuously thiough very dilute snl- 
phnne acid, in order that any basio substance which the air contained 
might he retained The solntion thus obtained was subsequently 
neutialised exactly with ammoms, and evaporated to dryness on a 
water bath The residue was dissolved and injected subcutaneously 
into rabbits, but produood no effect whatever, even in doseB of a 
gram of the diy substance Evidently if there was any poisonons 
substance in the air, it was not contained in the residue injeoted 
Unfortunately this experiment is not conclusive, on account of the 
instability of many of the organic bases in question 

If poisonous organio substauoea bad been present in serious quanti¬ 
ties in the air of the sewers we examined, we should presumably have 
ourselves felt some effects from them, as we were sometimes in the 
sewers for several hours, more or less continuously We could never 
observe any bad effects, however, from our stay, although we were 
previously quite uuacouBtomed to entering sewers 

* Ptomaine* ere basio nitrogenous compounds formed by the decomposition of 
animal or vegetable matter 
t Of Bneger, Ueber Ptomaine, 1886-86 

a v a 
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Experiment* on the Efficiency of Water-trap*. 

The means commonly employed for preventing the escape of sewer 
air into houses is the ordinary water-ti-ap Since the experiments of 
Nageli (‘ Die Niederen Fitze,’ p 109) it has been known that these 
traps, when acting properly, absolutely prevent the passage of micro¬ 
organisms But it is ovident that they cannot altogether prevent the 
passage of volatile constituents of sower air, and we thought it worth 
while to make a few experiments on this point We were not aware 
that tho matter had already been experimentally investigated by 
Fergus (‘The Sewage Question,’ 1874), who employed methods simi¬ 
lar to those used by us As, however, the test substances used by ur 
won nearly all different from those employed by Fergus, it may be 
well to give the results of our experiments A leaden \J-shaped trap, 
A, B, C, 2} inches in diameter, and with a seal, oh, of 3 inches in depth, 
was closed at each end, A and C, with a sheet of india-rubber 
stretchod tightly over the month and fixed with wire, each sheet 



being perforated by a hole in the middle. The trap was then filled 
with water, and a glass stopper placed m the aperture E, while the 
neck of a flask D, containing the substance under investigation, was 
fixed through the india-rubber sheet at A. The whole was then left at 
rest, and observations made from time to time by removing the stopper 
and ascertaining whether the smell of the snbetanoe in D could be 
detected at E. In other cases a tightly fitting inverted test-tube, 
containing litmus or othor test-paper, was inserted at E, in place of 
the glass stopper, and observations made as to when the test-paper 
was first distinctly affected. The results obtained are given in the 
following table 
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Fergus found (hut free ammonia came through a somewhat similar 
trap in 15 minutes carbonic acid in 1} hour, sulphuretted hydrogen 
m 8 to 4 hours, Ac He also refers to similar experiments in whioh 
a ventilating pipe was placed between the substance experimented on 
and the trap in whioh tho result was much the some, except that the 
tune occupied in penetrating the tiap was longer 

1 hough it is thus the case that wator traps after some time allow a 
oortain amount of various volatile substances to pass through, yet it is 
hardly concoivablo that tho Bmall amount thus allowed to pass can 
have any appreciable influence on health 

We do not propose to outer hero on any geneial discussion of the 
effects of the inhalation of sowei air on health Xhe results of the 
foregoing investigations are clearly such as to make us much more 
suspicious as to supposed evidence of the bad effects of ordinary sewer 
air suoh as that of the sewers oxamim d by ns At any rate it m 
evident that sewer gas unless it has been s ltiated by splashing, 
has a much less deadly composition than is often suppoSod It must 
be romombeied however that the matter cannot in the present stato 
of our knowledge be sottlod by analyses alone though analyses may 
serve as a guide in the investigation 



OBITUABY NOTICES OF FELLOWS DECEASED 

Joint Thiophilos Boilbao son of Thomas Boileaa, at one time a 
'well known solicitoi m Calcutta, and afterwards Chief Magistrate of 
that city, was born there May 20th 1805 His maternal grandfather. 
Colonel Jessup, was an American Loyalist who suffered severely for 
the support he gave to the King s cause The Boileau family are of 
Huguenot descent 

In 1819, when still mnoh under fifteen, he was nominated a cadet 
to Addisoombe by Charles Marjonbanka of the El Direction 
Among his contemporaries were several whose names are more or less 
piomment in modern Indian history, snoh as Henry Lawrence and his 
elder brothai George, James Abbott (of Khiva), with his brother Sir 
Frederick Boileau, aged 15}, passed out of Addisoombe for the 
Engineers, December 19, 1820, and after a short practical training on 
the Tngonometnoal Survey, and at Chatham under Colonel Charles 
Pasley, went to India, arriving at Fort William September 22nd, 1822 

The Corps of Bengal Engineers was m those days a very small one, 
its cadre including only thirty six officers, and, if they entered it with 
a somewhat imperfect training, the manifold and inoessant work into 
which the young officers were speedily plunged afforded them at least 
a very varied experience During the first twelve years of Boilean’s 
service we find him engaged as executive engineer in the construc¬ 
tion of fortifioafaons, roads, barracks, an important church and gaol, 
a considerable suspension bridge, and what not, and (among other 
duties when stationed at Agra) on measures for the conservation of 
the splendid buildings left there by the Mogul dynasty, including the 
Taj itself 

He married m 1829, and made a voyage to Europe with his 
family m 1837 Whilst at home he published a work which has had 
extensive use among surveyors, and of which he had already issued a 
lithographed edition in India (1836) The London publication is 
entitled “A new and complete Set of Traverse Tables, showing the 
Differences of Latitude and the Departures to Every Minute of the 
Quadrant, and to Five Plaoos of Decimals, together with a Table of 
the Lengths of each Degree of Latitude and corresponding Degree 
<rf Longitude from the Equator to the Poles, with other Tables useful 
to the Surveyor and 0ml Engineer By Captain J T Boileau, 
H B 10 Bengal Engineers London W H Allen A Oo, Leaden- 
hall Street, 1839 "• 

* A not# in General Boileau i handwriting dated 11th Hovember, 1680, aaj» i 
‘Thaee Tmvsree Table* were prepend to foslitate the oosqmtabon of the areas el 
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It also exemplifies Boileau’s oonstant aotivity o! mind, that he 
published, at this early date, a report of his own “ On the Practica¬ 
bility and Expense of a Plan proposed for Constructing Docks in 
Diamond Harbour on the Hirer Hooghly, and for uniting them 
with Caloutta by a Railroad, together with an Estimate for the 
same.” 

It was at this time that the interest of the Royal Society in 
magnetic observation, which had been originally stimulated in 1836 
by a letter of Humboldt’s to the then President (the Duke of 
Sussex), and had been maintained by the seal of Major Sabine, 
was at its height. The Society recommended the Conrt of Direc¬ 
tors of the E.l. Company to take part in the institution of mag¬ 
netic and meteorological observations, which (chiefly through the 
influence of Colonel Sykes) they decided to do. Boileau and two 
officers of the Madras Engineers, Lieutenants Ludlow and Elliott, 
were appointed to establish and take chargo of observatories at Simla, 
Madras, and Singapore respectively, aqd all three went to Dublin in 
November, 1839, to receive from the late Rev. Dr. Humphrey Lloyd, of 
Trinity College, a course of that preparation for their duties which 
that eminent philosopher alone oonld then impart. Captain Boileau, 
before he left again for India, was elec tod a Fellow of the Royal 
Society, and also a Fellow of the Royal Astronomical Society. 

The three Indian Engineer officers embarked in February 1840 
for Madras, reaching that port in June, where they separated, and 
Boileau with his instruments procoeded to Calcutta. He reached 
Simla on the 24th of September, some weeks before the arrival of 
his assistants with the instruments. He had taken observations of 
dip on his palankin journey, by the way, at Allahabad, Fnttehgurh, 
Bulandshahr, KarnAl, AmbAla, and B4r (at the foot of the hills on the 
road to Simla). He was also fortunate in scouring for his magnetioel 
campaign the hearty interest of the Rev. John Henry Pratt, after¬ 
wards Archdeacon of Calcutta, a man not less well known for his 
scientific acquirements than beloved for his character. 

Captain Boileau selected for his observatory a site on what was then 
called Bentinok Hill, but which lias since been known as Observatory 
Hill, and whioh in the rapid revolution of administrative events in 

village lauds by the offioer* of the Government Berenne Surrey, and bare gpne 
through several editions. They are the lint ever pnbliihed for angular values tf 
■ingle minute* of aro, or to five plaoee of derimaie for dbtanoea. Their great 
utility, both for the above purpose* and to surveying in general, has been acknow¬ 
ledged by letter* from the United State* of America, from the Brasil*, from Australia, 
and from India.” Boileau’* table* are in habitual tee at Cooper’s Hill College. 
T ra v er se table* are intended to save the calculation* of triangle* in ordinary surrey*, 
by thowing by inspection the amount in linear measurement of the difiereno* of Istt- 
tods and departure (Ae., of longitude) to any bearing and dietanee. 



India has reoently been selected as the site for the Viceroy’s official 
residence. 

The observations were continned from 1841 to 1846, though their 
maintenance had been occasionally menaced with interruption. This 
is referred to more than once by Boileau in the correspondence 
which he maintained, dnnng tho earlier yeais of his work at Simla, 
with Dr. Humphrey Lloyd. Under date 15th September, 1842, he 
writes:— 

“ We hare now in Simla all our Chiefs, vis., Lord Ellenborongh, the 
Govornor of the N.W. Provinces, and the Commander-m-Chief. 
The Governor-General has not yet been to see my works, bnt he has 
expressed himself in such terms respecting the Observatory that if it 
is left to his Lordship’s pleasure, the continuance of its observations 
will be short indeed. He calls the establishment of the Company’s 
corresponding stations an English (or rather a Home) job; and I 
have not the least doubt that both himself and tho Government of 
India at Calcutta are doing all they can with the Court of Directors 

to proonre the abolition of the Indian Observatories. 

Government have twice applied to me to know how long my “ experi¬ 
ments” and “the Magnetic Survey” are to continue, and I have 
both times replied that the series of corresponding observations upon 
which I was engaged oould not terminate untd the 30th June, 1844, 
at'midnight." 

18th Deoember, 1842: “We have got rid of all our great people, 
but my Lord Ellenborongh has bid me attend his grand doings at 
Faro*pore on Christmas Day, whither accordingly I am bound on the 
21st. This will cause a delay of three days in our opening the New 
Tear, but there is no help for it. The return of onr armies from 
Oabtri promises a lasting peace to India, and I hope will also extend, 
almost indefinitely, the existence of the Observatory.” 

17th October, 1842: “ I see by the peper that H.M.'s Observatories 
are to be continued for three years, and if any good is to come out of 
our work, ours must be so too, though the Governor-General told me 
h few days ago that I must not reckon upon more than one year more 
at Simla. Sinoe then the news of our victories and the re-establish- 
mant of British supremacy in Afghanistan has come in, and a few 
days since the accounts of peace with China, so that the mollia 
Umpora /and* have arrived, and if you desire our co-operation for a 
father period, this is the time to ask for it. The peace saves our 
Government at least one and a half millions a year. The extra 
expense of four (three P) observatories is about £8,000 sterling per 
•imam only. Lord Auckland absurdly estimated it at £10,000 a year, 
which was enough to frighten the Court of Directors out of their 

„ The correspondence shows that Major Boileau not only kept 




iv 

tile regular term-days, but certain others also privately arranged by 
Sir James Ross. Disturbances proved to bo of pretty frequent 
occurrence. He sent home traces of eight in 1841, of three in the 
month of February, 1842, and others in August and September, 1842. 
These and the whole of the six years' magnetioal observations remain 
unpublished—a circumstance which might have lent greater force to 
the objections of Lord Ellenborongh bad be been able to foresee it. 
There are somo circumstances not easy to explain in connexion with 
this fact. That the magnetic observations were not published and do 
not estist in print is indubitable. But whether they were pot printed 
is subject to a ourioua doubt. The Government did sanction for this 
purpose a printing establishment on a liberal scale, which wm set up 
by Major Builean first at Simla, then at AmbAla (in or about 1847), 
and subsequently at Meerut, when he had been transferred to that 
station. And in a memorandum of his employments and services, in 
his own handwriting (dated 21st March, 186?) he enters:—“ Super¬ 
intended the printing of the whole of the observation! taken at the Simla 
ttalion. . . . This press was exclusively employod by the Govern¬ 

ment N.W. Provinces in printing Government work, and acquired a 
high reputation for the accuracy and neatness with which especially 
its tablework (forms of figures) was executed. After eonypleting the 
olgeet for which it uhu established in connexion with the Simla Magnetic 
Observatory, it was transferred to the College for Civil Engineering 
at Boorkee, to which it is still attached. . . .” 

Also in a letter to Sir Henry Lefroy, dated 18th July, 1883, 
General Boileau writes:—“ The whole of the records and instruments 
of the Simla Observatory were destroyed by fire in the year 1868, 
owing to the cases in which they had been packed for transmission to 
England, on my retirement from the Service in the beginning of 
1857, having been transferred during the Mutiny from the safe 
depository m which they had been placed by me, into a store-room in 
which large quantities of doaiy bedding had been stored away, and 
which had taken fire, or been set on fire, to the utter annihilation 
of the instruments, records, and printed observation* of the Simla 
Station.” 

The letter last quoted proceeds 11 Copies of the monthly abstracts, 
however, of the magnetic and meteorological observations of the 
Simla Station had been regularly forwarded by me to the Royal 
Society, wad from them, with the sanction of the Government of Indi^ 
and by the kind aid of the Royal Society, the meteorological observa¬ 
tions of the Simla Observatory were printed and published under 
my superintendence in the year 1872. 

"None of the magnetioal observations of'the Indian Observatories 
have been printed; although even at this distant time the results,'if 
published in a condensed form, would be of great interest.” 



It won Id appear that the meteorological observation*, till printed 
in London in 1872, stood on the same platform with the mag- 
netioal. And in the absence of any exact information, perhaps 
the impossibility of now recovering it, wbat 1 should dednoe from 
JBoilean's statements is this:—that all the Simla observations were 
printed by him at his Observatory press, but that for some reason, 
very possibly his desire to accompany the pnblioation with prolegomena 
and some indication of results, for which he never found time in 
India, he was indnoed to defer their issue: that he had intended to 
carry the work to completion in England after his retirement and 
establishment in a home there; but that, in oouseqaenoe of the break¬ 
ing ont of the Mutiny shortly after his departure from India, the 
despatch was delayed, and m the following year the fire oocnrred 
whioh consumed the whole. 

lfe may here insert a list of books of tables of divers useful kinds 
whioh were prepared and issued by fioileau during his residence at 
the Observatory, or in the immediately succeeding years. 

1. Tables (from Apjobn’s formula) for determining the Elastic 
Force of Aqueous Vapour. 

2. Ivory’s Tables of Mean Astronomical Refractions ; Revised and 
Augmented. 

8. Mathematical Tables; comprehending Logarithms of all 
ft ambers from 1 to 10,000, also Logarithms, Sines, Tangents, and 
Secants, to Six Places of Decimals. 

4 Oltmann’s Barometrical Tables. 

5. A Collection of Tables—Astronomical, Meteorological, and Mag- 
netical; also for Determining the Altitudes of Mountains; Com¬ 
parison of French and English Weights and Measures, Ac. 

6. Tables of Wages and Rent; of tho Value of Goods; for convert¬ 
ing Seers and Chittaoka into Decimals of a Maond, also Annas and 
Pioe into Decimals of a Rupee. 

7. Tables for facilitating the Computation of the Time from single 
Altitudes. Roorkee, 1858. 

To these we may add s — 

8. Meteorological Observations made at the Magnetic and Meteoro¬ 
logical Observatory at Simla during the years 1841-45, under the 
direction of Lieut.-Colonel J. T. Boileau, F.R S., Superintendent of 
the Observatory. Published by Order of the Bight Hon. the Secre- 
tp^of State for India in Council. 

Boileau’s work while at Simla was by no means confined to that of 
the Observatory. During the years he spent there a great variety of 
oooasional and useful tasks were either committed to him by Govern¬ 
ment, or voluntarily undertaken. 

After the Observatory work came to an end, Boileau filled the offloe 
of Superintending Engineer successively at Amb41t and Meerut, till 



in 1854 he was transferred to Agra, on the reorganisation of the 
P.W. Department, as Chief Engineer to the Government of the N.W. 
Provinces In addition to the dnties of the former office, while at 
AmbAla he undertook to oodif y and Co-ordinate the chaotio mass of 
Standing Orders of the Department, extending over a period of nearly 
seventy years. The result of this voluntary labour, Boilean’s Code as it 
was called, to whioh he added a full Index and Series of Forms, was 
printed at the expense of Government, and became somo yoars later a 
most valuable aid when a Committee was appointed by Government to 
draw up a systematic code of mles and procedure for the Department. 

Colonel Boilcau retired from the Service February 24th, 1857, with 
the usual honorary step which made him Major-General. 

Boileau’s life in India had been characterised by acuteness and 
vivacity of intellect, by an unresting and devouring aotivity of mind, 
and by extraordinary versatility and variety of work. He hardly 
attained the suocoss that somo of these qualities would have led one 
to expect, but at the fame time the list porhapR suggests some reasons 
for this. And it is a fact that his joyous and buoyant temperament, 
indeed his exuberant spirits, often showing themselves in proceedings 
of an ecoentno character, made him better known to the Anglo-Indian 
community than hia intellectual gifts or practical accomplishments. 
Indeed, his sayings and doings .were the subject of many widely 
current anecdotes, which, in some oases, were founded on the merest 
iota of fact, and in some others were purely mythical. 

It was really in the thirty years of life following bis retirement 
that Boileau's best qualities were drawn ont to most valnablo 
purpose, and won him wide and warm regard. He was, to be sure, ns 
versatile and active as ever; thus he became the most energetio of 
vestrymen at Kensington, and as Chairman of the Building Committee 
which erected the handsome Town Hall there, he was indefatigable 
in his supervision of the work and of its financial details. He Was 
for years a most sealous member of the Volunteer body, in whioh, 
however, ho steadfastly declined the command of hie oorps (the 
1st Middlesex Rifles) whioh was pressed on him, insisting on carrying 
his rifle as a private in the ranks. He was for some time on the 
Counoil of the Royal Society, and acted as auditor of its accopMa j 
besides serving actively at one time or another on the CommitNagof 
various charitable, religious, or other useful Societies. But ttyat 
which especially developed in General Boilcau, and characterised him 
for the last twenty years of his life, was the active practical bensro- 
lenoe and devotion to the work he took upon himself as Committeeman, 
and eventual Chairman, of two noble institutions, vis., that of the 
Soldier#® 1 Daughters’ Home at Hampstead, and that of the Offioem’ 
Danghte? School at Bath (the latter having also for some years a 
suocursal ^ Roehampton). To these institutions he grudged no 



Wtour, and spared no fatigue. The ohildren of the Soldiers’ Dangh- 
ten’ Home were always termed by him his “ red chickens,’' and when 
wearied with work his greatest refreshment was to visit the Home and 
to get snrronndod by their smiling faces and happy yoioee. “ At any 
hour of the day or night, and in any weather, he would go to the 
Home, if his presence was required; and, as long as his strength 
permitted, he would sometimes walk the whole diRtanoe from his 
residence at Notting Hill before broakfast. On occasions of joy or 
sorrow at the Home he was never absent, and he was ever at the beck 
and call of the excellent matron, with whom he worked in unbroken 
harmony for the twenty years he occupied the chair. . . . All hia 

own servants were drawn from the Home, and ho would always 
deolare that they wero unsurpassed.” Ho cared for them as if they 
had been his own children, and be was repaid by their attachment to 
him. Every girl brought up in the Home who was in London at the 
time of hia death sent a wreath to be laid upon his coffin. Beyond 
bis constant weekday visits to Hampstead, he for many years before 
his last illness maintained a practice of going there on Sunday after¬ 
noon to be present at the Bible classes which the children attended. 

Hia exertions on behalf of tho Royal Sohool for Officers’ Daughters 
were not less devoted. Ho jomod tho Committee of this Institution 
in 1872, and in 1880 became Chairman in succession to Sir Henry 
Lefroy, when the latter went as Governor to Tasmania, When it waa 
deemed expedient some years ago to close tho sncornual at Roehampton, 
and to extend tho buildings at Bath to receive the additional pupils 
there, all the details of this change and the new construction at Bath 
were conducted under General Boileau’s close supervision. 

Till his last illness he never altogether lost his buoyant spirits or hia 
oddities; but in the constant exercise of benevolent effort these latter 
had taken a riper and Bweeter form than in the old Indian days. In 
May 1886 the illness began which, with sundry fluctuations, and borne 
with patience and devoutness for six weary months, terminated in his 
death, Sunday, November 7th. 

I have given some examples of bis ever-active mind and versatile 
capacities. I may add that till he loft India he played both the flute 
and the violin. He oonld, I am told, quote Hails with faultless pro¬ 
nunciation and expression; he spoke Hindustani, I know, with a ver¬ 
nacular swing which was rarely equalled in the mouth of an English¬ 
man; whilst hia memory was stored with old Hindn saws and rhymes, 
ever ready to be produced on appropriate oocasions to appreciative 
hearers. He was also a fair Latin scholar. And for a long time 
he was a diligent attendant at and participator in the proceedings of 
the Royal United Service Institution. During the earlier discussions 
on rifle construction he took a serious part in them, and himself 
invented a rifle. H. Y. 



' Sir Wax tie Elliot, K.C.S.I., LL.D., who died at his mi, 
Wolfelee, near Hawick, N.B., on the lit March, 1887, at the mature 
age of 84 year*, waa bom in Edinburgh, January 16th, 1808, the 
eldeat eon of James Elliot, Esq , of Wolfelee, by his marriage with 
Caroline, daughter and co-heiress of Walter Hunter, of Polmond, 
oounty Peebles. Sir Walter was educated at Haileybury College, 
whore he obtained the certificate of ‘'highly distinguished,” and 
entered the service of the East India Company in 1820. In 1823 he 
received his first appointment as Assistant Political Agent for the 
South Mahratta District. After holding various other offioe* in the 
Revenue and Political Departments of the Madras Government, he 
was made, in 1837, Private Secretary to his cousin, Lord Elphinstone, 
then Governor of Madras. Prom 1837 to 1854 he waa a Member of 
the Board of Revenue, and during that time was intrusted with 
the supervision of the Northern Giroart, then in a very unsatis¬ 
factory condition. In 1854 he became Member of Council, and 
retained this position until he retired from the Indian Service in 
1859. 

Throughout his oareer in India and dnring the whole period of his 
subsequent life in this oonntry until a very recent date, when his eye¬ 
sight failed him, Sir Walter Elliot was constantly at work on various 
points connected with the Natural History, Ethnology, Antiquities, 
and Languages of India, in all of which subjects he was deeply 
versed and took the moat profound interest. Though his publications 
were not very numerous, his notes and collections in all these 
departments were extensive, and were in many oases utilised in the 
way of contributions to the writings of his fellow-workers in these 
various branches of science. One of his most important earlier papers 
waa a Catalogue of the Mammals found in the Southern Mahratta 
country, published in the ‘Madras Journal of Science* for 1889 
whioh was ono of the first attempts made to give a oonnected account 
of the mammal-fauna of the Indian Peninsula. In the same journal 
and in the ‘ Journal of the Asiatic Society of Bengal,* will be found 
other soological contributions from his pen. Sir Walter was also well 
acquainted with Indian plants, and after his return to this oountry 
contributed several Urtidee to the ‘Edinburgh New Philosophical 
Journal ’ on the farinaceous grains and the various kinds of pulse 
used in Southern India. But it is, perhaps, as an Indian antiquarian 
that his name will be ultimately best known to posterity. The 
sculptured slabs from the famous Buddhist Tope of Atnrivati which 
adorn the walls of the greet staircase in the British Museum, were 
procured by him, and presented to the Court of Directors, who 
transferred them to the national collection. Besides these, a splendid 
collection was accumulated at Wolfelee of ooins, copper plates, anna, 
and other Indian ethnological objects. Sir Walter EUiot was for 
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many years a constant attendant at the meetings of the British 
Association for the Advancement of Science 

Sir Walter was an aident collector of Indian coins, and a leading 
authority on the subject His principal numismatic work was a 
memoir on the “Coins of Southern India, ’ which forms the second 
part of the third volume of the International ‘Nnmismata Ouentalia ’ 
Sir Walter is in fact the only man who has woiked systematically on 
Southern Indian coins, a neglt<tod subject to which Maisdm and 
Pnnsep made some small contributions In the work above men 
turned, he has laid a solid platform, on which futute Indian 
numismatists may proceed to build With his habitual bbeiahty he 
transferred more than 100 of his most valued coins to the collection 
m the British Museum Besides this most important work, Sir 
Walter published two papers on the same subject in the ‘Madras 
Journal of Literature and Science (new senes, vo! J and 4), under 
the title of “Numismatic Gleanings ’ 

In private life, it may bo said in conclusion. Sir Walter Elliot 
was one of the kindest and most amiablo of mi n His sweet and 
genial disposition, and great libeiality in every way, endeared him not 
only to his immediate friends and relations, but to all those with 
.whom in various ways he came in contact In 18*9 he married 
Marta Dorothea, eldest dauglitei of Sir David Hunter Blur Bart, of 
Blairquhan, who survives him, and by whom he leaves a family of 
three sons and two daughters 

Sir WalUr was elected F It 8 in 1878, and LL D of the 
University of Edinburgh in 1879 He was made a Knight Com¬ 
mander of the Star of India in 18b6 

P L S 

Sib Josbph Whitworth was boin at Stockport on December 21st, 
1803 His school education terminated at the age of fouiteen He 
was then sent to an uncle, a ootton-spmner in Derbyshire, with the 
intention of his being brought np to that business Hu mechanical 
tastes were, however, too strong, and in 1821 the idea of ootton- 
spuuung was given up, and he obtained employment and experience 
for four years in the works of different madhine makers in Man¬ 
chester In 1825 he went to London, and was engaged successively 
-with several of the most important engineering firms, amongst them 
Mandalay and Holtaapffel He also worked with Clement, who was 
engaged in the construction of Babbages calculating machine In 
1825 he married his first wife, Fanny, yonngest daughter of Mr 
Bichard Ankara In 1833 Whitworth returned to Manchester, and 
set np as a tool maker on his own account Hu business and repu¬ 
tation rapidly increased In 1840 he read a paper before the British 
Association on hu method of preparing accurate metallic plane sur. 

d 



face*, » method which he hftd devised when with Mandalay in London, 
fthd in 1841 he read a paper before the Initiation of Civil Engineer* 
on “ An Uniform System of Screw Threads.” During the next ten 
years he introduced his system of standard gauges and perfected his 
measuring maehine, an instrument which is capable of detecting a 
difference in site of one millionth of an inoh. In 1853 he was 
appointed as one of the Royal Commissioners to the New York Exhi¬ 
bition, and in the following year his attention was directed, at the 
request and with the aid of the Government, to the improvement of 
fire-arms. Since that time the subject of fire-arms, large or small, 
interested him more than any other to the day of his death. He was 
President of the Institution of Mechanical Engineers in 1856, and in 
1857 he waa elected a Fellow of this Society. In 1868 Whitworth 
fonnded the Engineering Scholarships which bear his name He pro¬ 
vided an annual income of £3000, to be distributed as scholarships 
for the encouragement of the study of the theory and practioe of 
mechanics. In July, 1869, he was created a baronet. In 1870 his first 
wife died, and in 1871 he married Mary Louisa, widow of Mr. Alfred 
Orrell. The present works of Sir Joseph Whitworth and Company, 
Limited, wore opened in 1881. Since then they have received a rapid 
extension and development, and now undoubtedly contain the finest 
collection of powerful machine tools in the world. Of late years the 
state of Sir Joseph Whitworth’s health usually necessitated his 
spending the winter in the South of France. He died on the 22nd of 
January, 1887, at Monte Carlo, and was buried in Darley Dale church¬ 
yard, near his country residence at Stancliffe. 

One characteristic ran through the whole of Whitworth’s work as an 
engineer—insistence upon the very highest standard of excellence both 
of workmanship and material, and it is to this rather than to any 
specifio inventions or discoveries that his great sneoess and reputation 
are due. The principle of his method of preparing true planes waa 
the simple one that if any two of three surfaces accurately fit each other, 
each of the three must be plane; in addition to adopting this funda¬ 
mental principle, he used a scraper for forming the surfaces, instead 
of the practioe previously in vogue of grinding the surfaoes together. 

In the matter of screw threads and standard gauges, Whitworth 
insisted on the desirability of all engineers adopting the same 
standards, and working with them to the utmost attainable accuracy. 
He adopted the inch as his unit, bat divided it decimally; and this intro¬ 
duction of tho decimal system to the British workman must in itself 
have had a very material educational effect. In fire-arms, both small 
arms and artillery, the prinoipal points on whioh Whitworth insisted 
were, the use of a long projectile with a great angular velocity of 
rotation about its axis, and the use of polygonal rifling of the barrel 
instead of grooves, the projectile being formed to fit the barrel and so 
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secure a large bearing sur/ltoe. Probably the improvement* in thy 
manufacture of steel which are associated with the name of Whit¬ 
worth havo done more for the development of the most modem artil¬ 
lery than has cither of tho features of his system of rifling. His 
improvements maybe broadly said to consist in three points, first, 
insistence npon obtaining the best material for the purpose in the 
highest purity, second, m compressing tho molten steel in tho ingot; 
third, in forging under a hydraulic press instead of a steam hammer 
Whitworth’s published writings are comparatively few in number, but 
those have a permanent mterest and will always be instructive His 
fame is rather written in iron and stool, and m tho daily practicoof the 
mechanics who have been directly or indirectly trained by him, than 
in the journals of tho learned or technical societies. 

J. H. 


Dr. Allen Thomson, one of the most distinguished anatomists and 
embryologists of his time, was born in Edinburgh, Midlothian, Scot¬ 
land, on the 2nd of April, 1800, and diod in London at 6fi, Palace 
Gardens Terrace, on tho 21st of March, 1884, in the seventy-fifth 
year of his age 

His father, Dr. John Thomson, was a remarkable man, who at 
eleven years of age began life as a silk weaver’s apprentico To this 
trado ho was hound for seven years , and ho continued to follow it 
in the town of Paisley for nearly two years after his apprenticeship 
had expired. His father, however, seeing that hts son “took little 
interest in his trado,’’ bound liim in 1785 (at the ago of twenty years) 
to Dr. White, of Paisley; and in this medical apprenticeship lie con¬ 
tinued for three years Subsequently, be became a pupil, in London, 
of William Hunter (brother of John Hunter), in hiB School of Anatomy 
at Leicester Square; and again returning to Edinburgh in 1793, he 
beoame a Fellow of the Royal College of Surgoons there at the ago 
of twenty-eight. Having tho year before “ entered into engagements 
to form an allianco in business with Mr. Arrott (a Fellow of the 
College), ho continued to livo undor Mr Arrott’s hospitable roof till 
the autumn of 1798—a period of fiveyoars” In 1813 he beoame a 
Licentiate of the Royal College of Physicians of Edinburgh, and in 
1808 ho obtained from the University of King’s College, Aberdeen, 
the degree of Doctor in Modicme. Having first practised in Edin¬ 
burgh as a surgeon, he eventually rose to oxtensive practioe aa a 
physician. He was the first occupant of the Chairs of Military 
Surgery in the University of that city, and subsequently of General 
Pathology, both of whioh wero founded on his recommendation.* 
In 1835, at the age of fifty-eight, he retired from active outdoor 

* Sir Alexander Grant’* ' Story of the University of Edinburgh,’ vol. li, p. AIL 
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practice and his life ended at the age of eighty two He retired 
with the reputation of being in hia tune ‘ the moat learned physician 
m Scotland To almost the last week of hia life he was a hard 
student and tic t even fonrscore years oonld quern h his aidonr in 
disoonrsing science morals, or politics Ho was one of the 

marked men of that resolute and public spiritod class—the tine Whig 
party of his day—winch is now f 18 U>) rapidly disappearing Hia 
peculiar usefulness arose neithei from his talents hia learning, his 
warmth of hoirt nor his steadiness of princq le but fhom his 
enthusiasm He never knew apathy and modicmo be ng his field, 
he waa lor ft rty yeais the mist netting of all out practitioners and of 
all our teachers Hen especially young men of promise, weie 

inspired by his rial and his confidence in tho triumph of truth* * 

His example had perhaps moie influn e thin that of any othci 
individual in oxciting the emulation of othus t 

John Ihnnaon was theietoie a man acknowledged to be of greut 
erudition as his woiks show, and he made many unpoitant con 
tnbutiona to the medic vl science and literatuie of his time fiom 17(» 
to 184b He coutubuted valuable papers to the eailier numbers of 
the hdiubuigh Ihview and continued tlill his death in 184b) in 
lmbits of intimate ft u ndahip with its cd tor Lord Jeffiey continuing 
throughout his long life to he a man of gieat maik and influence in 
polities and seienc o 

Such was the father of Allen Ihomson—tho aul ject of this notice 

To be the son of Buch a faihei was already to be born distinguished 
and it was a still greater distinction that throughout the life of 
Hr Allon Thomson, the best oharactonstiea of the father came to be 
repeated in the m n 

His mother, Margaret Millar was the third daughtei of Mr John 
Millar Professor of Jurisprudence in the University of Glasgow, to 
whom Ur John Thomson (then in the forty fust year of his age) was 
mained in 1806 

It may be said therefore, that Allen Ihomson mher ted by his birth 
a family connexion with two out of the foui Sootch Universities—an 
inheritance which at once gavo him a position of influonoe, of much 
advantage to him in future years 

Thus it canu to pass that Allen Thomson was born nurtured, and 
trained np in an atmosphere of learning and science, so that from his 
very earliest yean tbe teaching of the son by the father was such as 
to lay the groundwork of a solid aDd purely scientific cared, especially 
as an investigator and teacher of Anatomy and Physiology 

* Journal of Henry Cockburn, a continuation of the Memorial* of hie Tune 
1881 to 1884, roluplM 

t Dr Hitbard Fowler of Salisbury m Biographical Notice of Dr Thomson m 
1st vol of hie Life of Cullen reissued by Blackwood and Bone, 1889 
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With such a father and such garioundingn, he was sure to have 
the best up bringing and best direction For the education of hie 
hoyhood he was sent to the Vdmbuigh High School, and had 
amongst his school fellows John Murray—the eminent pnblishoi— 
with whom he maintained a life long fmndship also the present 
Lord Moncrief and Ihotnas Constable His pn fussional education 
(mainly directed by Ins father) was begin it tlio Ext)a uiural bchoul 
and complttod at the University if 1* Imbntgb, ind at the medical 
schools of Paris Tn Angnst, 1830 (at the sge of twenty one) 
he graduated as M D of the Univetsity of Edinburgh when his 
graduation thesis “on tlio development of tlio heait and blocd 
vessels m vertebrate animnls ’ was sigmh ant of the bout of his 
mind towaids embiyology and foreshadowed the honourable dis¬ 
tinction which he snhbtqni utly achieved m tint binnch of biology 
which deals with developmental anatomy and physiology it was 
published in the ' Fdmburgh New Philos >phical J >ninal (‘Jameson s 
Journal ), commencing in lb 10 p 29 r uad contiunii g through three 
consecutive parts of that |<>uitial—a long conttlbutum fully and 
beautifully illustrated by diawings mostly the work of his own facile 
pencil, and many id t lem eilmied Al the time of h s graduation 
he was Presi lent of the Uoyal Medical Society of Edinburgh—a 
stndents’ society which has contributed and continues to contribute, 
not a little to the famo of the Mtdicnl School of thit uty inasmuch 
as on the roll of its Presidents will be found the names of many, who 
m after-life became distinguished members and h vders in the pro 
fission* 1 he jevr after graduation (18 to) Allen lhomson became a 
Fellow of the Hoyal College of Snrgoons of Edinburgh as a necessary 
preliminary to his being qu tithed as a teachoi theie It w*s his own 
wish and his father s great desire that he should become a teai her of 
anatomy, and devote himself to anatomical and physiological pur¬ 
suits, for which he had displayed a decided piedilection, and to which 
(as his thesis showed) ho h id alieady given a considerable shaie of 
attention 

With this object in view and following the example of his friend 
Dr Sharpey, he Levelled by himself on the Continent m 1831 His 
oopions notes show that he then partu nlurly interested himself in 
the preparations in Vrohk’s Museum at Amsterdam, which lie 
deacnbes as a valuable colli c turn in a state of excellent pieseivation 
In it he notes a very fine collection ot skulls of different nations and 

• On it* roll are inscribed tlio honoured names of Ihc mss Addison Richard 
Bright, Marshall Hall Henry Holland and other* of Metropi Ulan fame with 
those of equal distmotion aasoomt d with the Scottish an 1 Irish Universities and 
Colleges, the men, in short who hai a Wn meet proii mint in the history of British 
raedteine and discorerr during tlio last hun Ir d years * Anatomical Memoirs of 
John Ooodair, vol i, p 7b 
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ngts, and among those of executed criminal* of which several weie 
those of roiudeteis, “there is the skull of Renter, a celebrated 
muidtrer of the woist class, whioh Gall, when asked regarding the 
collection singh d out and set as dt as one eh arly not belonging to a 
muiderei ' ’ Hi also notes ‘ a piotubcianco inside the inner canthus 
of the orbit in a Jew’s skull, which Vrolik considered ns peculiar to 
Hint iacc” Next camo n< t< s of tin Strosburg and the Beilin 
MiiRcums In this lattei ho made a giiat number of notes, especially 
bcanngon the embryos of animals and the details of embryology 
genu ally dissections of varieties m the airangement of the aorta 
and adjoining v< sscls transpositions of visceia and teratologj — 
making di ft wings as well us notes of what he siw He was partion 
laily interested in a human foetus (481) at throe wocks, in which the 
brum hiul arches are sun as will as thi split between them into tho 
phaiynx “ He was allowed to take this preparation fiom its bottle 
to plate it m a waftli glass ti make a drawing of it”, and to note 
its measurements 'the maiks of tbo eye and ear were both easily 
seen and the superior manllaiy fold connected with the lnfonoi 
lounl the angles of the mouth He notes also the heart partially 
divided into two ventncles 

On his rctnrn to Edinburgh after this short sojourn on the Conti 
Hint he commenced his careei ns a te icher by starting as an extra 
academical leetuier on anatom) and ph)siolog) In this under¬ 
taking ho was associated with tho late Dr William feharpey—(his 
senior by only seven yeais)—who ultimately became Professor of 
Physiology iu University College, London, and with whom Allen 
Ihomson maintained a life long friendship of tho closest possible 
ehaiacter * bix jours ago (Manh 1881), when writing to his pupil, 
John Strut hers, the distinguished Professoi of Anatomy in Aberdeen, 
ho says “feharpey and I lecture! together at No S), Surgeons 
Squaie, from 1831 till 183b, when 1 left on account of my health 
licing rnthei nup&uod He taught the Anatomy an 1 1 the Physiology 
but in tho later veais, as my father uiged mo very much to prepare 
myself for Anatomy, I took a skate in the Anatomy teaching b) 
attending in the dissecting room and giving some demonstrations ” 
At this time a keen competition existed among tho four teachers, 
who, in addition to tho Professors within tho University, divided 
umong them the students who applied for instruction It waft no 
light und< rtakmg at that time to become a teacher of Anatomy in 
Edinburgh In 1828 a stubs of muidirs were brought to light 
which had beon effected by two notorious criminals—Burke and 
Ilaie—for the money they would obtain for the bodies of their 
victims as material foi the dissecting rooms, and for many years 

* 11 Kendrick Memoir of Dr Allen Ihomson, ‘ Qlitgaw Plul Soo Proc, 
lol 15.1S84 
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afterwards the pnhlio mind conhnned to bo excited by the recollec¬ 
tion ot‘ tragedies unprecedented in the history of mankind, and which 
scarcely subsided oven with the ]iassing of Worburton’s ‘“Anatomy 
Aot ” in 1832, which mnde it possible to obtain and dissect tho 
human body m a legal way. In tho University of Edinburgh, tho 
third Monro filled the Chair of Anatomy, himself a good anatomist 
of tho old school, who looked upon tlio new teachers with an easy 
disregard. But while Shiirpey and Allen Thomson’s class between 
1831 to 1836 had increased from twenty-two to eighty-eight, the 
majority of tho students flocked to tho brilliant but egotistical 
lectures of the famous Robert Knox, who in one year about this time 
had an extro-muml class of over 500 students With unscrupulous 
virulence ho brought his powers of ridicule and sarcasm to boar on 
all opponents, so that Allen Thomson ami Shaipey caine in for their 
fnll share* About this time also a number of men who afterwards 
became famous weie either stndonts or e\tra-mural tenchors, so tlint 
there was the keen contest of able intellects, ami tho maliy of n 
noble ambition—the names of John Reid, Martin Harry, tho two 
Goodsirs (John and Henry), Edward Forbes, W. 11 Carpenter, John 
Hughes Bennett, arc names which bcciunc distinguished in biological 
science; and m such an atmosphero of thought it is no wonder 
that Allen Thomson was encouraged to prosecute a purely meutifio 
career.f 

All are gone, none now remain, and tho melancholy death of l)r. 
Carpenter in 1885 severed tho last link which connected them with 
what was undoubtedly “a brilliant epoeh in the history of the Edin¬ 
burgh Medical School.” 

In 1833, Dr. Allen Thomson travelled with his father on tho Conti¬ 
nent for nearly threo months, usiting the principal medical schools in 
Holland, Germany, Italy, and France It is interesting to find m 
l)r. Allen Thomson’s brief journal of his travels, now before the 
writer, such entries regarding museum specimens ns lie saw might 
be useful for teaching purposes. In these notes he frequently makes 
a special memorandum ot the preparations which should be tnado 
for the use of his class when he had the chance of doing so on Ins 
.return to Edinburgh. He gives an amuHing account of his journey 
to London by sea in those days Embarking on board tho “ Soho,” 
from Newhaven, on the afternoon of Satan ay, Cth July, 1833, after 
two days' -sailing ho reached Blackwall, whence he droro to London, 
and “put up at the Burlington Hotel, held by Atkinson Morley, in 
Cork Street, No 35 ” 


* ‘ Life of Robert Knox, Anatomist,' by Henry I.onsdale, 1870, p. 262 t alio 
Memoirs of John Ooodsir,' 1868, rot i, prge 129. 
t M/Kendnck, loe. at. 



XVI 


Hia first visits m London wore to Dr and Mrs James Somerville, 
John Allen, and John Mnnay, and at SO, Old Bnilington Street, 
while waiting for John Allen, ho first made the acquaintance of 
Sydney Smith Medical edncation was then (1833) as now (1887), 
the serious subject of discnssion , and Mi Allen was of opinion 
that ‘ superior degiees should he granlod by Universities, with full 
pieliminai y education ensuied by a degteo of M A , and diplomas for 
gonoral practitioueis should bi granted by chaitcrod bodies, after¬ 
wards to be decided upon ” He disapproved of legal prosecution of 
the unlicensed, unless they do harm, or take titles they have no 
1 ight to 

Mr Allen introduced his namesake, Allen Thomson, at this time to 
Loid and Lady Holland and ho was afteiwards introduced to Lnul 
Melbourne by Lady Holland, at Holland Houso, with the words, 
“Melbourne, allow me to introduce to you the futnro Professor of 
Anatomy in the Univirsity of Glasgow " Allen Thomson had to wait, 
however, for fifteen years before that pioiuotion took place During 
this visit to London hi also spei t Home of hiB timo with his half- 
brother, Dr William Thomson, Janies Simpson, and Dr Carswell, 
who was thin lecturing at University College London 

Dr A Hi n Thomson was then much interested in the work of Clift 
and ot Owen, at the Hunterian Must uni especially in the admirablo 
series ot pu pa rations of compaintnc anatomy, and tho boautiful 
niftum r in which vegetable Btiuctnre is illustrated He also reooids 
the significant memoinndum, “Make some preparations of this kind 
foi mysilf ” Breakfasting at Sir Asthy Coopei’s, he had “a veiy 
l itertsting demonstration from lmn of bis preparations of the thymns 
gland and testii lo,” and mentions that “ Sir Astloy lectured with a 
groat deal of spuit, ond took the troublo to oairy about 100 propara 
turns from one room to anothei ’ Alien Thomson admired particularly 
the dry preparations of the thymns gland at diffoicnt ages, in which 
the saccnli of the body itself are injected with wax, the arteries, veins, 
and partioulaily the lymphatics being injected and painted of various 
colours Again he makes the memorandum, “ Make some of these 
pieparations in the foetal calf” Sir Astloy then demonstrated his 
preparation of the structure ot the testicles, and again, the memoran¬ 
dum, “Dr Sharpey and I mast have some similar injections of tho 
tubes with wax, Ac ” He visited Guy’s Hospital Museum with 
Hodgkin, and there lie bears his testimony to the beauty and accuracy 
of the wax models of diseases ot tho skin and of healthy anatomy, 
made by Joseph Townes His father joined him on 15th of June, in 
London On the 17th they staitod for Rotterdam Thenoe by Duaael- 
dorf and Delft to Bonn He gives a vety detailed acoount of the 
contents of the Museum at Bonn lie also describes the surgical 
“ klin k, ’ “ conducted by questioning tho students respect ng patients 
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committed to thur care There were then two “ klmiks’’ for medicine, 
by Nasse, an advanced ono and an eloroentarj one intended to toaoh 
stndentn how to conduct the ad% ancod one Meyor he also met, who 
had been Professor of Anatomy and Physiology at Bonn, and pupil 
of Kielmoyer, ‘ of whose tuwh and lectuus he spoke in terms of high 
admiration He met also Ironranus (tho younger), Piofoaaor of 
Botany, Bischoff, Neumann and Webtr tho then Prosector He 
notes a case in the dissecting room of the whole body of a man in 
whom there was compk to ttint mi ei sus of all tho viscera, and the 
writer well remembers whut intiiost Allen Thoms m took in the dia 
section of a similar complete case of mwision of the viscera, which 
occurred in the disserting room of the Glasgow Umvi rsity * 

At Heidelberg he mot Tiedemann and caiefully noted the oontents 
of hia museum At Strashuig he mot Lbrmann and made copious 
notes of his museum At Tubingen hi met Aufenneth and his 
prosector. Professor Bauei ihere hevisiUd ‘ the little dirty class 
loom in which Hallei and Guviei studied Ihenoo to btuttgart 
and on to hrryhurg in Baden, and to Zurich Hero ho met with 
Oken, thin Hector of the Uimoisity also Si hoonlein Professor 
of Medicine and other distinguished tcacluis tlume to Berne 
Lausanne and Gtnova Ho next visited Aix en Savoie, or Aix Its 
Bams, and Milan 

At Milan ho was shown great attention by Profossor Panuu, the 
successor of Scarpa and at Pai rna, by Pruicssoi Tommassi, and by 
Pasquali, the Professor of Anatomy Heie be found the University 
partly broken up, and about half the building occupied as a 
barrack for soldiers, in otder to replies tho levolutunary spirit 
of the studi nts Hi notices m Piofessoi Pasquali a Museum of 
Anatomy, that the dried muscular and arterial preparations were 
entirely painteil, and puts tho question, ‘ Why is this so seldom 
done it Reams to piet>eivo the preparation well, and to make it moie 
clear i'" He afterwards in Glasgow, adopted this method to a gieat 
extent in all dried pieparationB At Bologna he notes that at present 
(August, ltHJ),the Umveisityis ‘in dmgraio and no lectures except 
the experimental oneB are allowed to b( given I he Professors are 
obhged to give their leetuies at their own homes, and soldiers are 
placed at the doors ’ lie notes that Comparative Anatomy is 
taught by Professor Alcssandriui, under the namo of 'Veterinary 
Anatomy,’ the former title being considered by the Pope as of a 
revolutionary nature ’ He saw some beautifully injected foetal mem¬ 
branes, moro pai ticularly of the true allantoid of the mare, and of the 
ondoohonon and the decidua in the bitch 
At Rome he notes tluvt, “ as in the rest of the Papal States, science 

* Described and figured m the Glasgow Medical Journal’ for July, ISM. 
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is at present (September, 1833) much lepressed by the fear of rnsnb- 
oidination among the students , and that there is great difficulty m 
publishing or piocuiing scientific works ’ 

At Naples, with Dr Vulpes, he met Dr Asalini, of Mosaina, and 
visited the Museo Borbomco, the collection of antiquities from Pompui 
and Herculaneum He then visited both these places and ascend d 
Mount Vesuvius, the ciators of which are minutely descubed m his 
caiefully wntton journal At the Grotto del Cam he saw the usual 
exponment of asphyxiating the dog "Ihe animal fell into a taint 
without convulsions, and the pnpil dilated at the same moment that 
the voluntary motions ceased, which took place m from two and a half 
to three minutes after the animal was placed m the cart 1 Genoa 
and Montpellier were next visited 1 heie, he notcB a “ capital seius 
of sterno hy< id bones, bones of the skull &c for anatomical demon 
stratum, of which we ought to have some 

4.t Lyons ho mt t Dr B< unett who was travelling with Lord 
Beverley and the Peicv family, and ltnewed his acquaintance with 
M Bouchet and M Gensoul, who had both been in Edinburgh 

A very detailed but torn iso at count m given of the anatomical, 
pathological and comparative anatomy pieparations in Meokel s 
Museum, iU nstinted with some very beautiful pon anil ink drawings, 
especially one of the hoait in a case of parti il inversion if tlie viscera, 
in which there was no is a aivi mjeixtr, but tho rata tuperxur was 
joinod by the tsm ay j t before onlf ring the amide, the vena he po¬ 
lice going duectly into tho auricle through the diaphi igm Thore is 
also a specimen with the aoi ta on t he 1 lght side Similar detade l 
lecords are given of Vtohk’s Museum at Amstcidam in 1811, and ot 
the Btilm Museum 

Lastly, out of tho experiences of these tiavils he formulates an 
extensive list of prejiarations ' to bo made fot teaching purposes 
At Paris he met Raycr, Lermmier, Bouillaud, Roux and Dalmas, 
and visited a sipaiate ward for cholera patitnts in La Ghant6, where 
he “ saw tbreo women who wete recovering under the influence ot 
opium, ice, and bleeding 1 * 

It was by suoh Continental travel, with tho one object before him 
of prepai mg hunsclf tor hiB duties as a teacher of anatomy and 
physiology, that ho devoted himself with the gieatest diligence and 
care to literary and scientihc study, and to the study of languages 
As travelling physician with the Duke of Bedford, he again spent a 
considerable time on the Continent, thereby peifectmg bis knowledge 
of German, French and Italian 

Of the men who mainly influenced the scientific life of Allen 
Thomson (besides his father’s influence) there are thiee especially 
to be noted, namely, John Allen, Dr John Gordon, and Dr Bharpey 
While stdl a house surgeon in the Royal Infirmary of Edinburgh, 
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the father of Allen Thomson be cam o the friend of John Allen, who 
was associated with him in the da ties of the house, and with whom, 
np to the time of Mr Allen’s death in 18t3, he maintained an nnm- 
terrupted friendship, and to the powerfnl influence of which over the 
fortunes of his life ho has hnnself borne testimony in the dedication 
to Mr. Allen of the first volume of his ‘ Life of Cullen.’* 

Dr John Thomson named hiB son Allen attei his distinguished 
friond 

Dr Joliu Gordon died in 1818, thirtcun yeai-s lieforo Allen 
Thomson began to lectuie and teach Anatomy A Her Dr John 
Allen had ceased to lecture, Dr John Gordon (hnving tnaght 
Anatomy and Physiology together for two years, 1808-1810) gave ti 
course of Physiology separate fiom his course of Anatomy either m 
the winter ensuing or m the summei session, and for his character 
and work Allen Thomson liod a great veneration In writing, throe 
years before he died, to Professor John Ktrutheis, and lvferrnig to 
Gordon, ho says “1 um especially pleased with your recognition ot 
John Gordon’s character and work, which is not only perfectly true 
as regurds himself, but gives some indication of the ltifluonoo which 
my father exercised upon his pupils und the School of Kdiubmgh. 
I havo still all Gordon’s papers, as well as John Allen’s." 

Dr Rharpcy’s influence was that which made itself felt through a 
life-long friendship of the closest kind, lmund together, as ho and 
Allen Thomson were, in allied anatomical and physiological pursuits. 
Sharpey was ono of tho young men in Edinburgh who owed the direc¬ 
tion of their studies and inspiration to John Thomson, and this 
debt ho repaid to his son Allen by an afTeetinnntu friendship, lie was 
about twenty-nine years of age, and Dr Allen Thomson twenty-two, 
when thoy commenced to teach Anatomy' and Physiology together in 
Edinburgh in 1831. This association subsisted during the four follow¬ 
ing years till I83(i, when Dr Sharpey became Professor of Physiology 
in University College, London 

Dr. Allen Thomson spent the autumns of 1830 and 1837 at Rothi- 
murchus, in the Western Highlands of Scotland, near Aviemore, with 
tho Bedford family, and afterwards liegan lus tour on the Continent 
with them 

On his return in 1839 ho was appointed (at the age of thirty) Pro¬ 
fessor of Anatomy in the Monachal College and Univonuty of 
Aberdeen, which ho resigned in 1841 Returning to Edinburgh m 
the autumn, lie liecanie onco more a teacher of Anatomy in the 

• ‘ Biographical Notice ol Dr. John Thomson,’ prefixed to hi- * Lite of Collon,' 
p 11, I860 Jt is erroneously slated in a remit work, ‘ Life and Times of Sydney 
Smith,' |y Mr. Stuart J. Hold, 1)184, p 1 that John Allen and John Thomson 
were fellow spprentiees to Mr Amot, an Kdinburgh surgeon There was no such 
apprenticeship, and the tarts are those stated in the text, »t page xi 
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Extra-mural School, No 1, Surgeon’s Square, at the age of thirty- 
two, where ho continued to give systematic lectures on Anatomy. 
At 11 A.M a locture-ronm demonstration wns given, and he taught 
in the dissecting room at one o’clock, assisted by demonstrators, the 
chief of whom was Dr Gunning, who had accompanied him from 
Aberdeen, and who has since given to the University of Edinburgh 
a fund for pnr.eH in memory of tho teachers of his day. 

Professor John Strothers, of Aberdeen, bears tho following testi¬ 
mony to the valued teachings of Allen Thomson — 

“Allen Thomson’s lectures on Anatomy weio of a high order 
scientifically, and also m style contrasted favourably with the teaching 
in tho other schools His favounte subject was embryology That 
could not come in much in the ordinary course, hut in the summer of 
1842 he delivered a special course of lectures on Development, in 
which ho gave the results of his own researches, as well as those of tho 
Gorman observers. These lectures woro illustrated by a very large 
number of beautiful diagrams, and were attonded by many members 
of the medical profession of Edinburgh. His graduation thesis had 
been on tho development of the heart and great blood-vessels in the 
vertebrnta, showing an early direction of his mind to the subject of 
ombryology. In that summer HesRion ho ga\ e also a coarse of weekly 
lectures on tho new Microscopic Anatomy, which followed tho publi¬ 
cation of the groat work of Schwann In these lectures wc heard much 
of Schwann, Hcnle, and Kolhker, the latter of whom became Ida inti¬ 
mate and life-long friend To this time the microscope had not been 
much used in the school Tho cell doetrme of Schwann had cleared 
up tho confusion of the old general anatomy, although the revolution 
it was to effect in biology, in relation to the evolution as well as to the 
structure of organic forms, was hardly foreseen. Knox, whose forte 
was Comparative Anatomy and its lieuringB on human anatomy, was 
satirising tho microscope, as he did most things. Sharjiey had been 
using it in tho investigation of ciliary motion. John Goodsir, Con¬ 
servator of tho large and valuable Anatomical and Pathological 
Museum of the Collego of Surgeons, gave a few original lectures to 
the Fellows of tho Colleges on Cells, and on Germinal Centres; and 
Allen Thomsou used it in his researches on Development. But then, 
and for years aftorwards, tho stndout bad nothing of the microscope 
beyond the privilege of a peep through Allen Thomson's and John 
Goodsir’s on a Saturday. The work which Allen Thomson did 
during this year in Edinburgh secured the snccess of hiR subsequent 
career. His abilities as a teacher and observer were fully recognised 
by tho medical profession of Edinburgh.” 

The principal reason of his apparently sudden return to Edinburgh 
may be explained by the fact that the Chair of Physiology in Edin¬ 
burgh University was expected to become vacant by the transference 
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of Dr Alison to the Chair of tho Pi action of Medicine and to sac- 
coed to tho Chau of Physiology was the obytet of Allen lhomson's 
laudable ambition* loithwith in the autumn of 1841 Pmfesaoi 
Alison resigned the Gha i of Institutes of Medicine or Physiology m 
the University of Edinburgh and in 1842 Allen Thomson was np 
pointed his sacoessoi at the age of thnty three lhe conttst was 
hk veto with such formidable competitoiB as Robert Knox, John Reid, 
Hughes Bennett and W 11 Cnipenter Ho lie 11 this 1’ioftBhorship 
in Edinburgh foi six ycAis, and duiing that tune ho made stveial lm 
portent contributions to the stienco of einbiy vlogy Ho ut tho Bamo 
time made the couiso on physiology systematic and ccmplcti, devoting 
himself entirely to the teaching of physiokgy pit pet His lectures 
were prepared with gicat care and a eery elnl< i »to synipsis of the 
day s subject was wutten in chalk on hi ckhomds foi the students to 
copy, supplemented by drawings in <*< lomed chalk often vciy elabo 
tate, and numeious wall diagiams (A gxdly Mb vdume of such 
abstracts is in tho wliter s possession ) 

Allen I horn son s familiuuty with what w as being done ni Germany 
and hranco garo hieadth and thoioughncss to las teaching He took 
gieat pains in making his drawings and m wilting the hinds of tho 
lectures bifoie tho timo of mooting, and like his ft mid Ur hhaipey, 
he lectured mainly fiom sbott notes He was systematic and 
methddienl m oveiytiling and toik great pains to peifeet his teaching 
in eveiy way, and t\eiy counte of leetmcs he d hvered whether to 
a popular oi pi oft ssional audience, cost h m muc h Kb ui fi c in day to 
day On debatable points and whno dehtute lonilnsi ns had not 
beon armed at, he was caicfnl to give us tho views of observers on 
opposite sides, but it was tantalising m the cxtrtrm wl rn at the end 
we could not learn what his own views were This was all tho more 
distracting because hi w as so full of knowli dgt so clear m his state¬ 
ment and so sound in Ins yudgmt nt But tho weak pait (or perhaps 
strung pait) in Allen ihomson s mental development appeared to bo 
so great an excess of caution m coming to a deluutc conclusion that 
he seemed always to hold his mind open to receive and digest new 
m itter Ho w as thus previ nUil from making any broad genei ahsation 
with which his name can bo associuto 1 

In all his researches his mind inclined more to the anatomical 
than to tho physiologual side of biology, having more to do with the 
development ot fuiin than tho development of funt tion, and when 
the Chau of Anatomy in Glasgow UnivciBity became vacant by tho 
death of Di James Tcfftay in 1848 Allen ihomson liecame his suc¬ 
cessor at the age of thirty nine His introduction by Lady Holland 
to Lord Melbourne (in 1833) fifteen years before, and already referred 
to, shows that Allen Thomson wae destined for that chair ae a political 
* Memoir/ by Profewor John btruthen, p 6 
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inheritance for then, as now, politioal connexion influence* the 
chauces of scicntifao appointments, and aooording as a Whig or Tory 
Government was m the ascendant, it was known that Alien 1 homaon 
or a political opponent wonld obtain the chair Bat when Dr Jeffrsy 
vacated his chan it was given to Allen 1 homson with universal 
approval He thns returned to the t< aching of anatomy as to hiB first 
love, remaining constant to its teaching m the Glasgow UniveiMty 
with great distinction in the professorship He resigned it in 1877, 
when he was succeeded hy its prosont distinguished oocupant, Pro¬ 
fessor Cleland, who had been one of his demonstrate! 4 rn previous 
ytais 

Dm mg these previons twenty five years of teaching anatomy and 
physi logy, Allen 1 homson had the unique experience of having been 
a professor in throe out of the four of the Scottish Universities and 
in all of them thtie is evidence that ho worked with an indefatigable 
industry, not only in connexion with the immediate duties of the 
chair he held but as a fiequent contributor Io scientific literature 
Thna it camo to pass that his leputation as a teacher and as a man 
of science, steadily rocicased, and at the end of Ins days he had 
become gtnirally known throughout the scientific woild oh one of the 
most careful, judicionB, accurate, and learned investigators and 
teachers of las favourite subjects His very earliest work brought 
lam reputation as an ombiyologist, and heiein lay his speciality, 
so that thioughont his long and busy life he was constantly makiug 
important contilbutionn to that department of scienoe 

Ho rttaed from his Chan of Anatomy in the University of Glasgow 
at the age of sixty eight having tilled it for the long period of twenty - 
niue yoai s and tho work he accomplished there ‘ may be said to 
have been of two kinds one, tho introduction of the modern anatomy 
and methods of teaching it, by which ho laid the foundation of the 
eminence and success whieli the Glasgow School of Modicine has sinoo 
attained, an object which he had warmly at heart, the other, also 
contributory to that end namely the planning and erection of tho 
New Umveisitj buildings, in which great undet taking he was from 
the bogmning the moving spirit ’ 

Succeeding a teacher who had hold the Chair of Anatomy in Glas 
gow for the long term of fifty eight years, “ it may be resdily believed 
that Allen Thomson s anatomy and methods were a new rovolation m 
the old monastic building of that umveisity ’ As in Edinburgh, 
when the third Monro at last (in 184G) made way for John Goodsir, 
the tide turnod from the extra mural sohool to the university, so the 
Glasgow School of Medu ino, when Allen Thomson became Professor 
of Anatomy, began to take the high rank to wbioh the new colleagues 
who gradually gathered round him have contributed their part* 

• ' Memoir, by Professor John Btnthm, p 8 



Shortly after coming to Glasgow his son and only child was born 
in 1849 After that he took Green hall in 1862 about eight milea 
from Glasgow and aftei wards Millhmgh, wlieie as lie always had a 
great love of oountty life, he betook himself in the autnmnal holidays, 
hospitably entertaining his many guests Dr Sharpoy paid him 
regular summer visits In 1855 came the minting of the British 
Association in Glasgow and among the guests then with him wtro 
his friends Piofissor holliUr of Wur/burgand Professors Returns 
and Brobtrg from Swtdin In 1857 ho rtnted Hatton House near 
Ratho, some miles fiom Edinburgh and took great interest lifting old 
place There he became acquaint! d with the Laudeidalo family to 
whom the propeitj originally belonged and theie he rtooived his olil 
Ldinburgh fmnds, bymo, Bennett, Clumtison Douglas Maelagan, 
Andrew Wood, Sliarpey, and kollikor Ho took mncli interest in the 
garden nnd in garden work, and his ar quaintnnic with Mi Aichor tlio 
artist, brought him into the pursuit of phoUgiaphy, which gave him 
a now pleasure 

In 1862 ht left Hatton, hiving pm-chascd some acres of ground at 
Skelinorlie on the Clydo, wheie he built a house in accordant! with 
his own plans The Inter editions of Qua n s Anatomy weie wi tten 
here with Dr Sharpcy during the summer months ami here he also 
enjoyed his leisure moments with his inend Professoi Kollikor in tbo 
examination of manne animals 

About this time the woik commenced with the New University of 
Glasgow buildings, and from 1861, when the old collcgo buildings 
were at last disposed of to a railway company, until 1870, when the 
classes met for the first firm in the now buildings on Gilmorehill, 
Allen Thomson, as Chairman ot Buildings Committee, was largely 
occupied with the anxieties and plans of tlio undertaking He 
did all the duty of a “Master of Works ’ and Ins fiequent exposure 
during the erection of the building bi ought on a tendency to rhenma 
tism with a severe attack of sciatica He furthci took a similarly 
active part in the planning and erection of the new—the Western 
Infirmary of Glasgow, the funds fin whiih were mainly contributed 
by publio subscription This hospital is generally considered to be a 
model hospital It has recently been greatU enlaiged on the original 
plan , and when Dr Thomson retired from tlio Chair of Anatomy m 
1877, he had aheady realised the pleasure of seeing the great success 
of the Glasgow Medical School whuh he had done so much to 
develop 

In 1870 he ceased to live at Skelmoihe, whiohhe let and afterwards 
sold, and m 1871 his only son, John Millar Ihomson, settled in 
London as one of the assistant demonstrators on chemistry at King's 
College The sn miner of this year was spent with his son and 
Mrs Thomson in the Highlands of Scotland “ It was, ’ he writes in 
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September, 1871, “a great success for mo and Mrs Allen to oomo 
hero (Lynvilg Avieore) for a holiday I knew the oountry well 
from my residence at RntluemurchuB (close by) with the Bedford 
family in the autumn of 18db and 1837, and I had most agreeable 
recollections of ramblis among the Grampians and various parts of 
the neighbourhood Mrs Allen and I have not exactly rambled over 
tho top of Cairngorm and Ben Muithdhui ns we used to do when some¬ 
what younger, but we have leally dnuo an immense deal of walking 
for such old people and have prcflted in health, and enjoyed our 
selves to tho full 1 ho seem ry is just what wo like—grand and open 
and vet beautifully combined with nvei lake natural wood, rock,and 
mountain The birches especially are ehaiming, and the remains of 
some of tho old Calcdomau forests of Votoh hrs, some of tho best 
existing lam sony to think the time of out remaining here approaches 
its termination as I must be in Glasgow for meetings on the 20th, 
and intend to leavo this on the 1 *th ' 

In 1872 ho again wei t abroad with his family and with Dr Sharpey 
to visit Piofesnor Kolliker and other friends in Germany and in tho 
summer of that year he, extended his tour to the north of Italy The 
summer of 187 d found him once more travelling in tho north of 
Scotland, and visiting his mini} ft lends 

On his sons mainago to Miss Aikin in 187S he began to think 
seriously of lctinng from his ptoCensorship, nnd after Borne delay, 
finally ciased his active connexion with tho University of Glasgow 
in 1877—a connexion which had extended through different members 
of tho family without interruption for lib jears He then came to 
Loudon, where he took a bouse next to that of his son Here he took 
an interest mail that was going on in the world of science—occupying 
himself espeei illy in the affairs and work of the Royal Society Ho 
was now ablo to enjoy, and he much appieciated the qmet home lift 
he was ablo to lead in peaceful retirement, 4 listening to the innocont 
piattlo of bis grandchildren It was a new plessme and an amuse- 
ment to have them with him in his study 

It is not easy to convey to othois a sufficient appreciation of 
Dr Allen Thomson’s numerous contributions to biological science 
His earlier papers were on embryology, which throughout life con¬ 
tinued to be the favourite subject of his study and researches, woikrag 
hold to koep pace with the rapid progiess of the scienoo It was in 
this held that he won his lauiels, and although hiB name may not 
be associated in the history of that scienco with any one great 
discovery (although ho contnbutod many new facts), yet he will 
always be rognided as having done much, perhaps more than 
anyone else in this country, to make this difficult department of 
biological science familiar to British biologists He directed his 
attention to it when few in this country did so, and did much by 
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clear and aocnrate description to make intelligible tho writings of the 
German embryologists No one rejoiced more at tho atteution given 
to it by a rising school of Biitish embiyologists nor mourned moie 
dtcply the sad death on tic Alps of its leader the late Pianou M 
Balfoul of Cambridge He n as one of the first also to bring undei 
the notice of Biitish physiologists the leseuchis of Weber on the 
tactile sensibility of the skin and ho wrote 1 m gely for the Cyclopsa 
diu of Anatomy and Phyttiologt, cditel by I Id and Bowman Iho 
articles on Circulation Generation and Ovum are from his 
pen and to the past and cuiient editions it iho Lncyclopmdia 
Britanmoa he contributed articles on Limited sul jects ihearticlo 
‘ Ovum in the latter was ptepucl by him an 1 ovci it ho woiked 
to the end with ardent love and can but since Ins death another 
hand bus been einpl yed to write it He also wrote on physiological 
optics more especially on the mechanism by which the eye accommo 
dates or focuses itself for ohjctU at different distances and his 
name has long been associated with cuncut t litions of Qnain s 
System of Human Anatomy ns t liter especially of the descriptive 
jnits of the seventh and eighth editu ns In the soventh edition 
he was associated with Piofossors Shaipey and Git land in the 
eighth with Piofcssois Shaipey and 'feci dfer and in the ninth 
and last cditirn with Profcssoi Sclufcr and Proloss >1 Thane both of 
Univetsjty Golltge L ndon Alike with peu and pencil Di 1 horn son 
made important add tions to thoir great snk especially An Outline 
of the Development it the Foetus He also i litcd a BCtond edition 
of his father s Life of Cullen 1 tho lioyal Sociotu s of Lihnburgh 
and London, and Biitish and Km ign medical j urnals he coutubuted 
numerous special pajiers anl ai tides i he Riy d Society s Catalogue 
contains the titles of about twenty papers by him 

During his distinguished caietr Dr Allen llumson lecuved many 
scientific honmrs He was electcl a hollow of the Royal Society of 
Edinburgh in 1838 and of the Biyal Society of Lon ion m 1848 
After lus lomoval t) Loudon from Glasgow in 1877, he became first a 
Councillor of the ltoyal Society, and ultimately one of the Vice 
Presidents Ho was Piesident of the Philosophical Society, of the 
Medico Chirurgical Society and of the Sci uce Ix-cturos Association 
in Glasgow, in whioh city he was also the fust Piesident of the Local 
Branch of the British Medical Associatnn lor eighteen years he 
was a member of the General Mcdual Council foi the Universities of 
Glasgow and fet Andrews jointly from 1859 to 1877, where hisnpe 
experience and calm judgment enibled him to do good servioe to the 
cause of medical education In 1871 he was Piesident of the Biolo 
gical Section of the Brituh Association at the meeting in Edinburgh, 
and in his address he reviewed the progiess of biological scienco 
m ithin the period of lus own recollection In 1876 the Association 
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conferred on him its highest honour by electing him to the Presi¬ 
dential Chair At the meeting at Plymouth in 1877, his calm, far- 
seeing, and philosophical address on his favourite topio, “Ihe De¬ 
velopment of the Forms of Animal Life ’ was a masterly history of 
the gradual acceptance of the dot tnnos connected with the name of 
Darwin, whose important generalisations his open and receptive mind 
had long before accepted In 1871 Dr Allen Thomson received from 
his university the degree of LL D , a degree which was also conforred 
npon him by the Glasgow University m 1877 

In 1882 he received the degreo of D C L from the University of 
Oxford , and latterly he was elected to at hast ono Syndicate of the 
University of Cambridge to assist m the elettion of professors to the 
Biological Chairs Whilst thus panning a pntely and stiadfast Bcientfic 
cauer l)i Alltn Thomson was well known as one of the niOBt active 
and influential men m the city of Glasgow 

The friendly hand that wrote the obitmry notice in the ‘ Glasgow 
Herald’ fiom which much of this memoir las been comp ltd has 
given the following characteristic woid pictuieof Dr Allen Ihomson 
—“ He took a deep interest in almost all departments of science He 
was a ready listener, and always delighted to hoai an account of anew 
investigation huger in the pursuit of truth himstlf he above all 
things, demandod accuiacy He was critical on all questions, and it 
required a great deal of fact and argument to kail him to & change of 
scientific opinion Yet his mini was open and receptue, and he did 
not shrink from a changoof view although it went against his piecon- 
ceivod notions His own wutings aie models of clearness of state 
ment and skilful marshalling of facts Dr Allijn Thomson's modo of 
teaching was of the Hame character Method, order, precision of 
statement and close reasoning shono in every lecture while there 
was also the persuasive eloqu nee of a great onthnsiasm which capti 
vated the listener ' 

A« a teacher he was equalled by few and surpassed bv none of the 
many colleagues amongst whom lie taught His education and sm- 
routidings made him a teacher, and to that work ho bent all his 
energies Those only who have been associated with him as demon¬ 
strators of anatomy in his dissecting rooms in Edinburgh, Aberdeen, 
and Glasgow, oan appreciate the daily labours he went through m 
preparing and arranging the material for bis lectuics and demonstra¬ 
tions Personally he was much beloved by his students, who are 
generally remarkable for devotion to a teacher who takes pains to 
teach as he did '* In tho social circle there was much gentleness and 
simplicity of manner along with a keen sense of humour, while his 
domestic life throughout was characterised by a quiet kindliness, and 
that obivulrous attention to little details of personal courtesy which 
mark the true gentleman ” 
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“One can never forget tho kindly eonrtesy, tho simplicity of 
address, the indescribable charm of hiB manner, tbewnimth of his 
friendship " Loyalty to his friends was a typical characteristic of his 
affectionate natnro 

Inheriting the best characteristics of his father with himself as 
with his father “ ho was a discerning and attirhed (Nitron of youth- 
fnl and friendless merit so that thart arc many who owe their rise 
in life to him, and who bless his momoiy all over the wirld * In 
evidence of this we have the testimony of the frtasni er of the Royal 
Society, in hu eloquent addiess on Den mhet 1st 1881, when he said, 
in Ins notioe of Dr Alien Thomsons death that for actH of kind¬ 
ness there must be many besides myself who owe him a deep debt of 
giatitude f Ihe writer oi this pipti fully endorses this statement, 
and with gratitude acknowledges the many aits of kindness he 
received from Allen Thomson thiougliout a biolli rly oi lather 
father-like friendship of more than thirtv six yens Si also Dr 
George Johnson in his address ns President oi the Me luo t hirurgical 
Society, on March 2nd, 188 r >, thus spoke of him — l)i Allen 
Thomson will long be hold m ifTeclionate remi rubiain t not only for 
tho extent and vanety of his aeieutifae attainments, but for his wisdom 
1Q council, the genuine kindly courtesy whioh gave an indesciibablu 
charm to his manner, and the enduring warmth ot lus irn nilship % 

On his retirement fiom the Uuivcraity of Grlwgnv in 1877 his 
portrait, painted by the President of the Itiyal Scottish Academy 
of Arts, the late Sir Daniel Macnee, was pieseuted by his friends 
and admirore to the University and it now liau^s in the Hniitenan 
Museum, to hand down to futnre gem rations the cherished fratares 
dt so beloved a man A lcpi ea of this poitiait was picscnUd to 
Mrs Thomson 

Dr Thomson has left a widow and an only son Mi John Millar 
Thomson, Demoustiator on Chomistry in Kings College, Loudon, and 
Secretary to the Chemical Society of London Up to within four 
months of his death Dr Thomson appeared to be m excellent health, 
and looked forward to the pleasure ot being m Ldmbuigh at the 
approaching teieentenary In 188J he went with his wife to Cannot,, 
on January 3rd, and spent the cold months and Bpring there, and the 
summer was once more passed with his son dnughtei m law, and 
grandchildren in the West Highlands of Scotlwd with much 
pleasure in revisiting sconos with which ho hod bteu so familiar in 
earlier days Suddenly, on December 14th, fiom his house in 
London, he wrote to say that his left eye had not been quite 
so well of late, and that Mr John Couper And Sir William Bowman 

• Memoir of H Coikburn’ p 161 vol u 1816 
f Prooeedin c p UO toi J7 

♦ Med Chirurg 8oc Traus,’ vol 68, p 7 
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both ooncarred in the opinion that an iridectomy should be performed 
without delay. Accordingly, on the following day, Mr. Oonper did an 
iridectomy on the left eye, on account of glaucoma. Nothing oould 
have been more satisfactory than his reoovery from the operation. 
The wound healed without pain, vision was maintainod, and normal 
ten-non restored. About ton to fourteen days after the operation he 
begun to experience lancinating pain referred to the ears and base of 
the skull, which he attribute 1 to the oast wind and rheumatism, as 
there was no change in either eye to aooonnt for the pain, and no 
external swelling lie woke in the morning to find that he had been 
struck bbnd of the right eye (which up till that momont had boen 
perfect). Mr Couper saw him forthwith, and found the tension 
normal, hut there was a considerable area of the field of vision blind, 
the limit coming close to the centra He could only distinguish large 
letters. Next day the main hranch of the arleria cantralit was seen 
to ho plugged with blood-clot, the portion of vessel beyond the 
plug empty, and so for many woeks vision was entirely lost. From 
this it was feared that other arteries might be similarly plugged in 
adjoining parts. Dr Goorgo Johnson ulso saw him with Mr. Cooper 
and Mr. C. A. Aikin, and found that the cardiac valves were sound 
It was thus probablo that the vessels became plugged owing to 
degeneration of their coats at the plugged part. Gradually the 
plugging process extended, and abont the fourth month after the 
illness began some local paralyses berime developed, first in the left 
hand, thumb and forefinger, winch passod away, and afterwards in the 
muscles of the right side of the face ; the vagus also became implicated, 
so that hicoough was more or less constant, relieved only by chloro¬ 
form. Hia strength was reduood by protracted suffering, and even¬ 
tually breathing bocamo obstructed. He died at 66, Palace-gardens 
Terrace, W., on March 21st, 1884, in the seventy-fifth year of his 
age; and as he wrote of his friend Sharpey, so it may be written of 
himself: “ He had not a single enomy, and he numbered among his 
friends all those who ever had the advantage of being in his society.”* 
Hia memory will long he cherished in the hearts of thousands of bis 
pnpils at home and abroad, alike in civil and in military life 

W. A. 


* 1 Proceedings,’ rol 81, p m. 
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469 

Colour relation between certain exposed 
lepidopterous pupa, and the surface* 
whioh immediate ly surround them, an 
inquiry into the cauao and extent of a 
special (Boulton) 94 
Computation of the harmonic compo 
nents of a senes representing a pheno 
men on recurring in daily and yearly 
penods on the (StrachevJ, 61 
Conduction of hoat in liquids (Chroe), 
800 

Continuity of the liquid and gaseous 
states of matter preliminary note on 
the (Ran say and Young), 8 
Cortex oerebn in the monkey {Jlaeacur 
shuts is) a further minute analysis by 
electro stimulation ot the so called 
motor region of the (Beevor and 
Horsley) 488 

Cotopaxi on the occurrence of silver in 
volcamo ash from the eruption of, ot 
July 22nd and 28rd 1886 (Mallet), 1 
Crooke* (W ) on the supposed 1 new 
force ’ of M J Thore 846 
— on radiant matter spectroscopy, 
examination of the residual slow, 
111 

-on the crimson line of phospho¬ 
rescent alumina, 26 
Crooman lecture (Seeley), 887 
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Cable*, on tlie diometeri of plane, i Edipee total, of the eon observed at the 
(Walker), 884,488 Caroline Island* on May 0, 1888 

Current sheets, on ellipsoidal (Lamb) (Abney) 482 

196 I - of Aug 22, 1886, on tho total 

Cyclone*, on the relation between I solar (preliminary account) (Schuster), 

tropical and extra tropical (Aber j 180 

eromby), 138 Elasticities, the velocity of sound m 

nu tab and a compunson ot their 
Darwin (O E) on figure* of equili moduli if torsional ami longitudinal 

bnum of rotating musses of fluid (lomlmson) 3I>2 

889 Election of hrllons 10 362 

— note on Mr Daemon's paper on Electric time constant of a i uvular 

the straining of the earth s crust ill disk on the principal (Ismb) 289 
oooling,483 - discharge on the dissociation of 

Daayundm, on the homologies and sue some gusts by tho—ltakinan lotture- 
cession of the teeth in the sitli an (Thomson 143 

attempt to trace the history of the - stimulation a further minute 

erolation of mammalian tcilh in anal)sis by of tie toiallid motor 
general (Thomas) 210 region of the cortex oorvbn in the 

Davison (C) on the distribution of nunkiy (Wocerc*. s hicks) (Bievor 
strain in the earth s crust resulting aud Hi rsley) 481 
from seoulur tooling with spciuil Elutncsl organ of lorprdo marmorata 

reference to the glow til of continents the tlci tn motivt ] njxities ot tho 
and the fm mutton of mountain (Uotih) 357 

chains, 225 Eloitniit), note on the doTelo]iment of 

[-] note on the geological bearing of I voltaic, by atmo>] hone oxidation 

Mr Davison s paper (Don nuy) 328 (\V right nod lliompton) 212 

[——] note on Mr Davisonspaper(Dar -experiments on the dnwluugi of, 

win), 483 j tbri ugh gases, si fond japti ( s >chus 

Deflmto integrals, on certain (Bussell) tor), 271 

477 - on the rati at a huh ilectn 

Dispersion equivalents Part I (Glad city leaks through liquids a huh aw 
stone), 401 | bad ounduttirs of (Ihumson and 

Dissociation of some gases by the electno New all) 410 

discharge, on the—Dakeuan leoturo Elcrtrix hiniiial effuls on magnetising 
(Thomson), 343 iron (Andreas) 169 

Douglass (8ir Jsuns Nicholas) elected, Electrodiposition ot allocs note on the, 
882 and on the electromotive foun ol 

— admitted, 382 metals in oyanide solutions (lhomp- 

Dowdeswcll (U i ) on rabies, 855 son) 387 

Dynamical principles, some applications Electromotive fort os of mi tab in iramdo 

of, to physical phenomena Port II solutions note on tho eleotrodeposi* 
(Thomson), 297 tion ot alloys and on the (I hotnpson), 

Dynamo, note on the theory of tlio 387 

altsnuita current, (Uopkinson), 167 i - - properties, the of the electrical 

organ ot Torpedo marmorata (Qotch), 
Earth’s crust, on the distribution of 1 2 *7 

strain in the, resulting from secular El<mints, a geomitmal interpretation 
oooling, with special reference to the ot the first tao periods of chemical, 

growth of continents anil the forma folloaing hvdrogeu showing tho ra¬ 
tion of mountain chums (Davison), lations of tlie fourteen element* to 

888. each other and to hydrogen by means 

[-] note on the geological btanng of of a right line and cubic curve with 

Mr Davison s paper (Bonnei), 828 one asymptote (Haughton), 482 

—— note on Mr Davison's papor on the Elliot (Sir Walter), obituary notice, 
straining of the, in tooling (Darwin), vm 

488 Ellipsoidal currant sheets, on (Lamb), 

Xdudtf Samtayx (Ow), on fossil ro 19b 
mains of Part II (Oaen), 390 Embryology of marsnpudia and mono* 

Xehpte of August 89, 188b, report of tremata Parti (Caldaell) 177 
the observations of the total solar, Equilibrium, on figures of, of rotating. 
made at Csmaoou (Perry), 816 muse* of fluid (Darwin), 889 
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Etiology of scarlet fever, the, (Klein), 
158 

Ex an* (P N ) and R Anschutz eontn 
buttons to our knowledge of antimony 
pentachloudc 370 

] vaporution and dissociation Part V 
A study of flie thermal properties of 
methyl aleuhol (Ramsay and Young) 

37 

Ewart (T C) on ng ir mortis in flsh 
and its relation to j utrctaction 438 
Ewing (Tames \lfit t) oleoted 352 
-admitti 1 W 

-and W L iw on the n agnetuation 

of inn in strong fills 200 
I xplosion ntoil lust (Galloway) 174 
Explosive wave on the indurtion of the 
and an nlti rt 1 gaseous 111 dition in 
an ex] losivo gan >us mi xt lire by a 
vibratory movement (Wright) 472 

F« Howe olecti 1 16 3o2 
figures of iquihbnuni of rotating 
masses of fl ud on (Darwin) 159 
Fish on ngoi mortis in and its relation 
to putrt fact ion (1 a art) 418 
Fitzgerald (G 1 ) on the thermo 
dynamic, piopertus of substanees 
whose intni sic equation is a linear 
function ot the pressure and tempera 
ture 50 

-( lausius i formula for the change 

of state from hqui 1 to gas applied ta 
Messrs Kainsav and Youngs obatr 
cations on alcohol 21ft 
Fluid, on figures of equilibrium of rota 
ting masses of (Darn in) 369 
Forbes (George) < hetod 362 
-admitted 3o2 

- a thermal telephone transmitter, 

141 

Frankland (O C ) and I* F Frai kland, 
studies of son e new micro organisms 
obtained from air 160 
Frankland (P F ) and T G Hart fur 
ther experiments on the distribution of 
micro organisms in air (by Hesse s 
metnod) 207 

•Galloway (W ) a coal dust explosion 
174 

Gardiner (W) and T Ito on the 
structure ot the mucilage oolls of 
Bite Amiss occidental' (L) and Os 
mnnda regain (L ) 363 
Gaseous states of matter, preliminary 
note on the oontuuuty of the liquid 
and (Ramsay and Young) 3 
Gases experiments on the discharge of 
eleetmitv through, sooond paper 
(Schuster) 871 

- on toe disso c iation of some, by 


the electno discharge—Bakanaa lec¬ 
ture (Thomson) 343 
Qatterolukenee on a new typo of the 
group Lirhrnrt (Massee) 870 
Gilbert (J H ) and Sir J 1) Lawea on the 
present pontion of the question of the 
sources ot the nitrogen of vegetation, 
with some new results and prelimm 
ary notice of new linea of investigation, 
484 

Gladstone (T II) dispinion equiva 
lent* Part I 401 

Goteli (F ) the electromotive properties 
ot the t lootnoal organ of Torpedo 
marmora/a, Jo7 

Goners (William Riohard) elected, 862 
-admitted 362 

Griffiths (A 11) on the nephndia and 
liter of Patella t ulgala 192 

Hal lane (J 9 ) and T Oarnelley, the 
air of sewers 304 601 
Halliburton (W D) on muscle plasma, 
400 

Hsl-l ury (Lord) tic ted 16 

-admitted 35 

Hamilton a numbers, on (Sylvester and 
Hammond) 470 

H iinmond (j ) and J J Sylvester on 
Hamilton a numbers 470 
Hardman (1 T) note on Professor 
Hull s paper 306 

Harmimc t imponents on the oomputa 
tion ot the of a senes representing a 
phenomenon recurring m daily and 
yearly penods (Strachey) 01 
Hart (X G) and P t Frankland, 
further experiments on the distnbu 
tion of micro organisms in air (by 
Hesse s method) 267 
Hsughton (Rev 8) a geometrical inter¬ 
pret a ti in of the first two penods of 
ohemiosl dements following hydrogen, 
•hoeing the relations of the fourteen 
elemi nts to each t ther and to hydro 
gon bv means of a nght line and 
cubic curve with one leal asymptote, 
482 

Heart ssd pulse, note on the functions 
of the sinuses of Valsalva and atin 
oular appendices with some remarks 
on the mechanism of the (Collier), 
469 

Heat m liquids, conduction of (Chree), 
800 

Hennessy (H ) problems m mechanism 
regarding trains of pulleys and drums 
ot least weight for a given velocity 
ratio 134 

- second note on the geometnoal 

construction of the oeU of the honey 
bee, 170 
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S&Uretngium Tdiamdet (Will) and Iron on tho magnetisation of, in strong 
Kaloxglo a Hoolm (Williamson), 8 fields (Awing and Los) 300 

HU1 (8 A ), some anomalies in Hie Ito (1) and W Gardiner on the 
wind* of Northern India, and their strut lure of the lnneilago oells of 

relation to the distribution of baro- JHerkmim oteidrHltle (L) and O*- 

met no pressure 36 mttxda regain (L ) 853 

Hinde's (Dr G J ) paper ‘ on beds of 

sponge remains in the lower and upper (Jequinti) the proti i Is of the seeds of 

greensand of the South of England Abna piecalorita (Martin) 831 

X Phil Trans 1885 p 403), note on J ilinson (G S) on krealimns I On 

(Hull) 804 the lire itinm of unn as distinguished 

Hoplcinson (J ) note on indaotion coils from that id tinned tiom flesh kreatin 

or transformers ’ 164 II On tin krutmma denied from 

-noto on the theory of the alternate the dehidrati n ot urinary knatin, 

current dynamo It,7 166 

Horsier (V) and t’ B Bttvor a 

further minute analysis by olietrie A ahm/lnx llooketi lleteranqium Tilt- 

stimulation of the so tailed motor i teuidei (\VlU ) and (Williamson) 8 
region of the oortex cerebri in the j hi mpo (A B) noli to a memoir on 
monktr (Maeaeui eiatemi), 4S1 tin tlitory of mathematical torm 

-and B A Seltater, a record of ex ( J’lul I mm 1881,1 193 

ponim.nl> upon tho functions of the Bemuds (Utxuidcr U W) elected, 
cerebral cortex 111 I 153 

Hulke (I W) supplementary note on — admitted 463 

Potacanihm Foxu describing tile Xing ((jiorgi) i le L 1 153 
dorsal and some parts of the indo Kirk (Sir John) elected lol 

skeleton imperfectly known in 1881, -admitted h>3 

16 Xlcin (h) tlx etiology >f scarlet feior, 

UuU (E) note on Dr O J Hindes 168 
paper ‘on beds of sponge remains in Kreatmins on I On Die kreatimn 
the lowor and upper grot nsand of the ot urine os distinguished from that 

South of Biiglaud' ( Plid Irons,’ obtained from flesh kreatin IT On 

1886), 301 tho kieatuuns derived from the de- 

£-] note on the above (Hardman), hydration of urinary kreatin (.John* 

308 son) 31,6 

Huxley (T H ), preliminary note on the . 
fossil remains of a thelonian reptile | Lamb (II) on ellipsoidal euirent sheets, 
CeratocAelye tlkennnu, from Lord 100 

Howe’s Island Austialm 333 . — on tho pimnpal elechio time- 

Hydrogen a geoimtrual interpretation eonstant of a circular disk 389 

of the first two periods of chemical Law«sC»ir J B ) and J H Gilbert on 
elements following, showing tho rola the present position of the question 

tionsof the fourteen elements to each of the sources ot the nitrogen of 

other and to hydrogen by means of a 1 vegetation with some new result*, 

right line ant cubic curve with ono and preliminary notice of newlines 

real asymptote (Haughton), 483 of investigation, 483 

I rgummoseep, the tubercular swelling# 
Ioe, note on some experiment* on the i on tin, roots of the (Ward) 331 
vuoomty of (Mam) 839 491 | Lepidodexdi uu Harrourtu and L full’ 

Ioeland spar, on the effect of polish on gmotum (Will), note on (WUUam- 
the reflexion of light from tho surface son), 6 

ot (Spurge), 843 Lepidopterous pupss and the surfaoes 

India, some anomalies in the winds of which surround them an inquiry into 
Northern, and their relation to the the cause and extent of a special 

distribution of barometric pressure oolour relation between oertain ex- 

(Hill), 36 poeed (Poulton), 94 

Induction coils or • transformers note Lieheme on Uaeterolukenee a new typo 
on (Hopkinton), 164 of the group (Massee), 370 

Integrals on oertain definite No 16 Light, on the efleet of pohsh on the re* 
(Bussell), 477. flexion of from tlie surfaoeof Iceland 

Iron, electrochemical eflbcta on magnet spar (Spurge), 843 
isrng (Andrews), 469 Liquid and gaseous states of matter, 

i 
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preliminary note on the continuity of 
He (Bamsay end Young) 8 
L .miU, conduction of heat in (Chree), 
800 

— whuh ere bad conductor* of 
tlectncity on the rate at which elec 
tncity leaks through (ihomson and 
Newell) 410 

‘ Li\ er of Patella calqata on the 
nephndw and (Gnfcths), 392 
Live nidge (Archibald) adnuttod 318 
Lookyer (J N ), further discussion of 
the run spot observations made at 
fcouth Kensington 37 
Lodge (Oliver Joseph) elec tod 862 
Logarithms of 2 9 C 7 and 10, supple 
mentary note on tl o values of the 
Napunan and < f the modulus of 
common logarithms (Adams), 22 
Lou (W ) and J A being on the 
magnetisation of iron in strong fields, 
220 

Macacv* eta nt* a fuithir minute 
anal-ms by elictno stimulntiou of 
tho so called motor region of the 
cortex cerebri in the monkt v (Beevor 
and Horsley), 483 

Mackuy (J k ) tlu (liiilopramt of tho 
branihial arterial arches in birds, 
with special riferenic to the ongm of 
the subclavians and carotids 129 
Magiu tio induction (T< mlinson), 221 
Magnetisation of iron in strong fields 
on the (b wing and Low) 200 
Magnttiaingiron clei troclumic il elTi cts 
on (Andrews) 480 

Main (J F ) note on some experiments 
on the viscosity of ice 329, 491 
Mallit (T W) on th< occurrence ot 
silier in volcanic ash from the crop 
tion of Cotopaxi of July 22nd and 
23rd, 1888, 1 

Marsupialia and monotremata the em 
bryology of Part 1 (Caldwell) 177 
Martin (8 ), the protcide of the seeds of 
Ahrutpmatoim (jequintv), 831 
Mvs*oe (G ) on Oailcrohckenci, a new 
typo of the group Ltdenei, 370 
Mathematical form, note to a memoir 
on the theory of (‘ Phil Trans, 
1886) (Kempc), 193 
Matthey (E), contributions to the 
metallurgy of bumutb, 89 
Mechanism, problems in, regarding 
trams of pulleys and drums of least 
weight for a given velocity ratio 
(Henncssy), 184 

Mmolanta platgcrpi (Ow ), on parte of 
the skeleton of (Owen) 297 
Metallurgy ot bismuth, contributions to 
the (Matthey), 89 


Metals velooity of sound in and a corn* 
panton of their moduli of torsional 
and longitudinal elasticities as deter¬ 
mined by statical and kinetical me¬ 
thods (Tomlinson) 382 

- m cyanide solutions, note on the 

i lectrocfeposition of alloys and on the 
electromotive fortes of (Thompson), 
387 

Micro organisms in air further expert 
incnts on the chstnbntmn of, (by 
Hesse s method) (FranUand and 
Hart), 267 

-obtained fiom air studies of tome 

new (brankland and Frankland) 150 
Microscope, on a perspcctice (Burch), 
49 

MUno (John) elected, 352 
Monkey ( Maeactu tin mi) a further 
minute analysis br electric stimula 
twin of the so called motor region ot 
the cortex cere Im in the (Beevor 
and Hirslej), 481 

Monotremata and maraupiulin tho em- 
bryologv of Part 1 (Caldwell) 177 
Blorphuligy of birds on tho (Parker), 

Motor region of the cortex ecnbll, * 
further minute analysis of the so- 
culled, in the monkey (Macaau 
tinimi) (Beevor and Horsley), 483 
Mucilage cells of Slnknum actidcntale 
(L)and Otmanda regain (h ) on the 
structure of the (lto and Uarriiner), 
353 

Muscle, action of cafiVnn and theme upon 
i oluntnry (Brunton and Cash), 238 
Muscle plasma on (Halliburton), 400 
Mallei** antarctic**, note to a paper 
on tho blood rnmcls of (‘ Phil Trans 
1886) (Parker) 437 

Nephndia and ‘ livei ’ of Patella out- 
gat a, on the (Griffiths) 862 
'New force’ of M J lhore, on tho 
supposed (Crookes) 846 
Newall <11 i ) and J J Thomson on 
the rat* at which electricity leaks 
through liquids which are bad eon 
ductors of electricity 410 
Nitrogen of vegetation, on the present 
position of tho question of the sources 
of the, with some new results, and 
preliminary notice of new lines of in¬ 
vestigation (Lawns and Gilbert), 


Obituary notioes of fellows dooeased — 
Botleau, John Theophilua, i 
Elliot, Sir Walter, vm 

Whitworth, Sir Joseph, ix 
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Ormtkorkgockut paradoxus, descrip¬ 
tion of a newly excluded young of 
the (Owen), 301 

OsmuaJa regain (L) and Bleokuum 
oroulentale (L ), on the structure of 
the mucilage cell* of (Ito and Oardi 
ner), 868 

Owen (Sir R ) on parte of the skeleton 
of Metolanut platgeepe (Our), 207 

- on foeetl remain* of Eekidaa 

" Ramsay* (Ow ), 390 
—— description of a newly excluded 
young of the OrnUkorkfncktu para 
dot** (Ow ), 301 

Partoaxauns bombideax (Owen), on 
and the significance of it* afflnitio* to 
amphibian* reptile*, and mammals 
(Seeley), 837 

Parker (t J ), note to a paper on the 
blood lessols of Mtutelux antarctieut 
(‘Phil Trans ’ 1886), 487 
Parker (W K ) on the morphology of 
buds, 62 

Patella vulqnta, on the nephndia and 
1 liror' of (Griffith*), 892 
Perry (8 J ) n uort of the obsecrations 
of the total solar eclipse of August 29, 
1886 made at Oamaoou, 810 
Pempeotu e microeoope, on a (Burch), 40 
Phosphonium chloride, on (Skinner), 
283 

line of (Crookes), 26 
Physical phenomena, some applications 
of dynamical principles to Part II 
(Thomson), 207 

— properties of matter, the influence 
of stress and strain on the Part III 
Magnetic induction (Tomlinson) 224 

— properties of matter, the influence 
of «tress and strain on the Part 1 
Elasticity {continued) (Tomlinson), 
862 

Physiological action, contributions to our 
knowledge of the connexion between 
ahemioal constitution and (Bronton 
and Cash), 240 

Ptokard • Cambridge (Her Oc tarius) 
elected, 362 

Plana cubic*, on the diameter* of 
(Walker), 334, 488 

Plante of the coal measures, on the or 
gaouation of the fossil, Heteranqturn 
2Uuwfii (Will) and Kaloxylo a 
Booker* (Williamson), 8 
Plasma, on mutole (Halliburton), 400 
Pleura, on the foroe with whioh the two 
layera of the healthy, oohere (West), 

polaoautkuM Poxu, sup p l ement ary note 
on (Hulke), 16 


Poluh, on the effect of, on the reflexion 
of light from tho surface of Ioeland 
■par (Spurge) 242 

Poulton (1 B) an inquiry into the 
cause and extent of a stmcial oolour- 
relation between oertain exposed lepi 
dopteroua pupw and the surfaces 
which immediately surround them, 
94 

Preete (W H ) on the limiting distance 
of speei h by telephone 162 
Presents, lists of It) 21,47, 69 86,109 
111 142 Ibl 172, 182 210, 240 
302 314 336 312 360 483 
Proteidi tho, of the seeds of Aims 
preeatorins (jequmty), (Mai I in) 

381 

Pro tor Man rut tpenen (yon Meyer), on 
(Seeley), 86 

Pulse, note on tho functions of the 
sinus** of Valsalva and auricular 
appendices with some ri marks on the 
mechanism of the hoart and (Collier), 
469 

Pup®, an inquiry into tho cause and 
extent of a special colour relation 
between certain exposed lepidopte 
rous and the surfaces which imuie 
dlately suiround thi in (Poulton), 04 
Putrefaction on rigor mortis m fish and 
its relation to (hwart), 438 

Rabies on (Dowdeswell) 356 
Radiant matter speotrcMoopy on j ex¬ 
amination of the residual glow 
(Crookes), 111 

Radiation preliminary note on the 
* radio micrometer a new instru¬ 
ment for measuring the meet feeble 
(Bovs), 189 

- on thermal, in absolute measure 

(Bottomley) 867 

-from dull and bright surfaces, on 

(Bottomley), 433 

* Radio micrometer ’ preliminary note 
on the a new instrument for measur¬ 
ing the most tcoble radiation (Boys), 
189 

Rainiay (W ) andS Young, preliminary 
note on the continuity of the liquid 
and gaseous state* of matter, 8 

-evaporation and dissociation. 

Part V A study of tbe thermal pro¬ 
perties of methyl alcohol, 87 
Reflexion of light from tbe surface of 
Ioeland spar, on the effect of polish on 
the (3purge), 243 

Residual glow, on radiant matter spectre- 
soopy, e x a m i n ation of the (Crookes), 

Rigor mortis in ffeh on, and it* relation 
to putrefaction (Rwart), 488 
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Bock ipecimetn frotn three pcmki m the 
Caucasus, note on the micTosoopie 
structure of (Bonney), 818 
Boot* of tho I/cgummosc®, the tuber- 
ruler ewelliDge on the (Ward), 881 
- — of T'toia faba, on the tubercular 
swelling* on the (Ward) 38b 
Boiebery (1 arl of) adzuittod 362 
Rotating majKi ot fluid on figure* of 
equilibrium of (Darwm), 359 
Bnuoll (H C) admitted, 862 
Bussell (W II L) on certain definite 
integral*, No 16, 477 

Scarlet fever, the otiology of (Klun), 
168 

Scliiftr (K A) andV 1 Towle i, a re¬ 
cord ot experiments upon the func 
tions of tho << rebrol i rtex 111 
Sohunck (h ) contribution* to the cho 
inwtry of chlorophyll No 11,181 
Bchusttr (A ) oil tno total solar erlipso 
of August 20, 1888 (preliminary 
aroount), 1H0 

-experiment* on the discharge of 

eltttiu ity through gssee (second 
paper), 371 

Sooijnon*, tlie reputed suicide of 
(Bourne) 17 

Scott (A ) on tho composition of water 
by volume, 896 

Seeds of Ainat prtiatontu (leqmmy), 
the proteids of the (Martin) 831 
Seeley (II. G ) on Protorotaunu Spenert 
(ron Meyer), 8b 

-on Pat teataarat bombtdent (On cn), 

and the significance of its afilmties to 
amphibians, reptiles, and mammals— 
Orooman lecture, 337 
Senes rrpresonting a phi nomcnon recur 
nog in daily and yearly periods, on 
the computation of the hartnomo com¬ 
ponents of a (Strachey) bl 
Serum, note on a ntw constituent of 
blood (Wooldridge), 380 
Sewers, the air of (Carnelloy and Hal 
dune), 894, oOl 

Sherrington (0 S) note on tho anatomy 
of Asiatic cholera as exemplified in 
cases ooeumng in Italy in 188b, 
474. 

Silrer in Toloanto ash from the eruption 
of Cotopaxi of July 22nd and 28rd, 
1886, on the occurrence ot (Mallet), 1 
Sinuses of Valsalva, note on the funo 
tuns of the and auricular appendioet, 
with some remarks on the mot ban ism 
of the heart and pulse (Collier), 469 
Skinner (S ) on phosphonium chloride, 
288 

Sselui (George Junes) elected, 862. 

—— admitted, 862. 


Sound, the Telocity of, in metals, end a 
comparison of their moduli of tor 
sional and longitudinal elasticities at 
determined by statical and kuietical 
methods (Tomlinson), 862 
Spectrosoopy, on radiant matter, ex 
animation of the residual glow 
(Crookes), 111 

Speech bv telephone, on the limiting 
distance of (Frcece), 152 
Sponge remains m the lower and upper 
greensand of the south of England, 
note on Dr G J llindes paper on 
beds of (Hull), 804 

Spurge (C) on the effect of polish on 
the reflexion of light fiom the surface 
of Inland spar, 242 

Strachey (it) on the computation of 
tho harmonic oompononts of a senes 
reprise nting a phtnoraenon recurring 
m daily and yearly periods 61 
Strain in tho earth s crust resulting 
from secular cooling on the distribu¬ 
tion of with spcLiiu refrrenoo to the 
growth of continents and the forma¬ 
tion of i noun turn chaiui (Davison), 
825 

[——] note on the geologioal bearing of 
Mr Davison i paper (Bonney), 828 

[-] nolo on Mr Davison’s paper 

(Darwm), 483 

Stnus and strain tho influonoo of on 
tho physical properties of matter 
Part III Magnetio induction (loin- 
lmson), 224 

— —— the mfluineo of on the 
phvsieal properties of matter i’ait I 
h.Initial r (c onhaved) ihe velocity 

ot sound in metals, and a comparison 
of their moduli of torsional and Ion- 
itudmal elasticities as detsmunod 
y statu al and kmetioal methods 
(Tomlinson), %2 

Sun, total eclipse ot the, observed at the 
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